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Mixed Methods = Mixed Messages
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The whole package matters

. Re_porte(i] tva{lrj]es are not Increasing proportion of total mineral + metal content dissolved
universal truths.

- Different digestions target Solubje | Adsorbed Mn-oxides | -
different chemical features — Shases | *exch. |Carbonates| and |Crystaline Crystalline | Resistate
the same rock can yield SRS am Fe-ox | Fe-oxides | Fe-0xides | minerals
different elemental values. ~Distilled water»

MMI 5

—NH,-acetate —>
» Acetate + + acetic acid>
—— Enzyme Leach / H,0,

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

s Weak NH, OH -
: o 7, EDTA + HCI
- Sample prep and varying %2 % Strong NH,OH
sample mass affect S, —— Regoleach
2 Y, Dilute HCl —

representativity, shifting
element distributions and
ratios.
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Current modus operandi
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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...

HHHHHHHHH

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. lan Malcolm
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When a geochemist postulates the framework
of an idea to mathematical geologist...

A Geochemist. Before: Mixed Methods (M2 = M3, but distinct from M1) After: Grouped into Method Families
- Mixing analytical methods . e ] MR

confuses geology with process
artifacts that leads to false trends, :
unstable conceptual or statistical &~
models, and unreliable
Interpretations. ;

° Mathematical geologist: Reported Value Comparable Value (family-aligned)

Left (before): Mixed methods create offset distributions and will
result in unstable interpretations.
Right (after): Grouped into method families that while not

- Grouping data into method
families does not guarantee that

ever thmg about the families in identical are close enough to support robust statistical
the data are the same, but they investigation.

are sufficiently similar to use

together.

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




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.

Boundary Zone Cross Section Tto T
=

- om 300m
\/ 2024 Resource Pit Shell | |

@ FIREWEED

Ultimately: are these values for the same
element from the same database the same? If
not, how can | reconstruct the metadata in
order to progress my analysis?




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 spilits.

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

Step 3: Quantify distances and group
candidates.

les with confidence.

Step 4: Assign fami

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

select(.row_1d, all_of({assay_cols
pivot_longer {cols all_of(assay_cols), names_to "analyte™,
group_by{.row_1d
summarise
suite_s1ig
present analytestringr
length(present !

str_trim{val

"drop"

'
. groups

mutate(family = paste0("F", stringr::str_pad{as.integer (factor

dat_with_fami 1y dat_raw left_join(row_suites select(.

to_num x) suppressWarnings(readr::parse_number{x, na
dat_num dat_with_family
select(.row_1d, HOLEID, family, all_of (assay_cols
mutatelacross(all_of (assay_cols), to_num

aq_ - x x[is.Finite(x)]; Tength (x

Tloor_proxy x) g_(x, 0.05

tie_rate x, Tl
x xis.Fimite(x)];
spread q_(x, 0.9%
tol max(le-9, le-6
mean (abs (x 1 tol

length(x is.finite(fl
q_{x, 0.05
max(1l, spread

step_size X
sort{unigue(x[is.finitelx length (u 2
length(d MNA_real_

lengthid

u
d diff{u); d dld 0];
stats: :median(sort(d) [seg _len(max(1l, floor(0.25

paste(sort(present), collapse

Al
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Families v Sub-Families

. - Sub-families are data-driven groups within
Families havglter}re]esn@[rgﬁitrg_w'w'se exact a family, clustered on detection Iirrﬁ)its, step

size, precision, and variance signatures.

family™ R sub_family”
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Families v Sub-Families

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

Families have the same row-wise exact
element suite.

sub_family™

s
S02




Outputs: families

° FamI|IeS grOUp | A B C D E F G
rOWS W|th the 1 family rows_in_farholes_in_fasuite_sig Ag ppm  Pb_pct Zn_pct
2 F0O01 12 6 Ag_ppm 1 0
Same element 3 F002 26 9 Ag ppm|Pb_pct 1 1
SUlte_ 4 F003 31379 410 Ag_ppm|Pb_pct|Zn_pct 1 1
5 F004 16 11 Ag ppm|Zn_pct 1 0
6 F005 7 5 Pb_pct 0 1
[ J
Breaks datasets 7 FO006 1047 55 Pb_pct|Zn_pct 0 1
iInto constituent 8 F007 22 8 Zn_pct 0 0

analytical parts.

- Equivalent to a
structured
missing data
analysis.
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Outputs: sub-families

il i i : A B C D E F G H \ ) K L
° Famllles are a mISSIng anaIySIS grouped HoleID -¥ From_m ~ To_m v Ag ppm ~ Pb_pct ~ Zn_pct |~ BD_tonn~ Method - Commel ~ |LowRect ~ family -¥ subfami~
by element suite. TU027 3.81 421 45.3 3.6 1.8 3.169 MEAS N F003 s02
TUO27 4.21 5.73 141.3 12.2 18.3 3.638 MEAS N F003 S02
- . . ; TU027 5.73 7.25 85.7 7.25 14.7 3.319 MEAS N FOO03 S02
. SUb'f_amll_leS dlg d_eeper and. hlgh'lght TU027 7.25 8.78 203 17.4 756  3.305 MEAS N F003 02
variation in precision, defection limits, Tz gr g2 me me w2 s o
a nd Step S|g natu res. TU027 11.22 12.74 560.9 41.8 7.56 4.916 MEAS N F0O03 S02
TUO27 12.74 14.26 670.6 52.4 10.6 4.895 REG N F003 S02
. - TU027 14.26 14.94 517 39.2 13.2 4.533 MEAS N FO03 S02
0 Th IS enabl_es ge()Chem |StS TU027 14.94 16.12 216.7 17.2 8.04 4.601 MEAS N FO03 S02
mathemat|ca| geo|og |StS data TU027 16.12 17.4 692.6 64.6 2.58 5.057 MEAS N F003 S02
b}
e - . TUO27 17.4 18.41 559.5 49 4.56 5.098 MEAS N F003 S02
SClen“StSa etC- tO . TUO027 18.41 19.93 185.1 14.2 8.64 3.735 MEAS N F003 s02
- TUO027 19.93 21.46 319.5 26 12.8 4.091 MEAS N F003 s02
* ﬁi%od%l?]a\}\ﬁphﬁ]ﬁg%grr?i{ycampalgn changes TU027 21.46 21.7 222.2 17.4 7.56 4.069 MEAS N F003 S02
. TU027 21.7 22.46 469 42.6 3.3 4.11 REG N F003 S02
. Separate out “noisy” or Iower-quality subsets. w027 22.46 23.07 175.5 2.22 4.813 MEAS N F003 S02
. ) o TUO28 0 1.52 40.5 6.6 2.864 REG N F003 S01
- Improve confidence in downstream statistics oz 152 192 405 8.04  2.895 REG N FO03  S01
and models. TU028 3.05 3.47 30.2 7.08 3.15 MEAS N F003 s01
TU028 3.47 5 226.3 19.2 4.073 MEAS N F003 s01
TU028 5 6.37 309.9 17.9 4.012 MEAS N F003 so1

« Overall, the sub-family export
deliverables a more accurate picture of
your data improving downstream
Interpretations.

Al



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...

Points Vv 196,630
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Github: Embedding Atlas
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https://apple.github.io/embedding-atlas/
https://apple.github.io/embedding-atlas/

Thank You!
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