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1. Supplementary Figures

Supplementary Figure 1. Composition of two SEM-EDAX images of sample BHS8-2c showing
ferruginous materials infilling a crack formed in the Penia de Hierro basement. (a) displays an
internal layering with a complex mineral composition that includes silica, ferric oxysulfates, and
oxyhydroxides matching some of the layers identified through the ToF-SIMS SEM microimages like
the microlaminated (ma) and fibrous-cryptic (fb) layers (see Figure 2b). The spectra 1 and 2
collected from a couple of microlaminated layers (ma) agrees with a ferruginous oxysulfate and/or
oxyhydroxide mineralogy as they have a higher concentration in Fe, O, and S. In contrast, spectrum
3 has been obtained from weathered host rock which microstructure has been characterized as
fibrous-cryptocrystalline (fb). In this last case, the occurrence of Mg and K and high intensity in Si,
and a lowering in S, suggests that it is composed of phyllosilicates and silica. (b) shows the
presence of a fibrous-cryptocrystalline (fb) layer, which composition obtained by the spectrum 1
reveals a silica enrichment (9 wt%) and C (8.7 wt%) but a low Fe concentration (6.3 wt%). In turn,
the spectrum 2 obtained in the microlaminated layer (ma) shows a substantial decrease in Si to 3.2
wt% but an intense increment in Fe to 29.0 wt% for Fe. Such an element concentration is consistent
with a mineral composition formed by ferric oxyhydroxides. Both spectra 1 and 2 have a notable

presence of N (2.5 to 3.6 wt%), which is likely associated with the occurrence of the NO ;-

bearing micronodular structures found in TA1 and TA2 (see Figure 4c).



Supplementary Figure 2. Red, Green, and Blue (RGB) image merging for HSO,, FeO,H, and SiO, +
Si,H,O in TA3. It displays the distribution of the three main unit layers including the fibrous-

cryptocrystalline (fb) enriched in SiO,, the microbrecciated (mb) containing microclasts with

diverse composition, and the microlaminated (ma) with Fe-bearing oxysulfate/oxyhydroxide
minerals ((SO,)FeOx).

Supplementary Figure 3. ToF-SIMS RGB image combination in TA2 revealing the internal fabric in
glassy (ms) and microlaminated (ma) layers consisting of different laminas. The Red image comes

from the distribution of C;H,,O, that appears along the glassy layer (ms). In turn, the Green image

resulting from the sum of C,,H,, O, C,;H,,O", and C,,H,,O traces a sinuous lamina defining a
boundary between the glassy (ms) and the microlaminated (ma) layers. The Blue image resulting
from the sum of C,,H, N, C,,H,N’, C,,H,N’, C,H,N’, and C,,H,N" reveals a couple of internal

laminas in both glassy (ms) and microlaminated (ma) layers associated with the distribution of N-
bearing fragments in TA2.

Supplementary Figure 4. (a) Abundance of saturated and monounsaturated < C; hydrocarbon

fragments in TA1 and TA2. (b) ToF-SIMS image distribution of propyl and butyl fragments in TA1
and TA2. (c) A couple of microstructures consisting of the laminas described in Supplementary

Figure 3 and the NH, -micronodules defining Gg sourcing two different sets of N-bearing cations in
TA2. They have been tentatively corresponded with N-bearing lipids (e.g., sphingolipids), and
peptides.

Supplementary Figure 5. ToF-SIMS ion images and RGB (Red/Green/Blue) image overlay for a set

of [M — H] FA adducts (see Supplementary Table 5) in the three target areas TA1, TA2, and TA3. (a)
Shows that in TA1 FAs have a varying distribution in the different nodular microstructures, where
C,,, (m/z 227.20) is the main FA in the sulfate-rich microclasts of the microbrecciated layer (mb). (b)

TA2 FAs are predominantly found in the Gw microstructure that is associated with acylglycerides,
ions. (c) In TA3, the

majority of FAs are principally occurring in the mirobrecciated (mb) and microlaminated (ma)
layers, excepting a circular micronodule (white arrow) that show a high intensity in Cy, and C,,

(m/z 143.11, and 157.12).

but also in tiny micronodular structures that come together with NO ...,

Supplementary Figure 6. Mass spectrum (intensity units in cps) in the range of 450 to 600 Da
showing different peaks of NH, -adducts and dyacylglycerides found in TA2.

Supplementary Figure 7. ToF-SIMS images of cations tentatively identified as fragments of a
phosphocholine derivative occurring at a higher concentration in the Gw microstructure found in
TA2.

Supplementary Figure 8. Mass spectra (intensity units in cps) showing the distribution of P-
bearing compounds in TA1 (a) and TA2 (b) corresponding with phosphatic salt fragments and
phospholipid adducts (Supplementary Table 6).

Supplementary Figure 9. ToF-SIMS images of adducts that have been tentatively identified as
aminobacteriohopanol (a) and heterocyclic compounds (b).

Supplementary Figure 10. Principal component analysis (PCA) performed for the ToF-SIMS cation
data (see Supplementary Table 7) that have been identified as amino acid fragments in TA1. For
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this analysis, 32 cations have been considered. The results suggests that in TA1 the main source of
amino acid fragments comes from the different sulfate-rich clasts embedded in the microbrecciated
layer (mb). In turn, PC2 and PC5 show that some fragments (e.g., m/z 42.04, and 56.06) are
secondarily originated in the microlaminated and silica-rich fibrous-cryptocrystalline layers.

Supplementary Figure 11. Principal component analysis (PCA) performed for the ToF-SIMS cation
data (see Supplementary Table 7) that have been identified as amino acid fragments in TA2. To
perform this analysis, 30 N-bearing cations have been considered. The PCA has revealed three
different areas sourcing the amino acid fragments as the glassy layer (PCl1 and PC2), the

microlaminated layer (PC3), and the NH, -bearing micronodules (PC4, PC13, and PC15).

Supplementary Figure 12. SEM-EDAX image showing the occurrence of different carbonatic
microstructures resulting from the microbial biomineralization in the sample BH8-24c collected in
the Pena de Hierro basement.

Supplementary Tables

Supplementary Table 1. Identification of the different morphological groups through the
molecular distribution in the underground ferruginous materials of Pefia de Hierro using the ion
mapping through the ToF-SIMS.

Supplementary Table 2. Identification of the different morphological groups through the
molecular distribution in the underground ferruginous materials of Pefia de Hierro using the ion
mapping through the ToF-SIMS.

Supplementary Table 3. Cation list of hydrocarbon fragments and NH4* adducts found in TA1 and
TA2 of the sample BH8-24c collected in the Pefia de Hierro weathered basement.

Supplementary Table 4. List of [M-H]* and M* of different polycyclic aromatic hydrocarbons
(PAHs) found in the ferruginous underground materials of Pefia de Hierro.

Supplementary Table 5. List of the FA [M — H] adducts identified in the three target areas TAl,
TA2, and TAS3 of the BH8-24c Pefa de Hierro sample by using ToF-SIMS.

Supplementary Table 6. Different positive and negative ions of lipids obtained through the
ToFSIMS spectral analysis in TA1 and TA2 of sample BHS8-24c.

Supplementary Table 7. List of positive and negative ions produced from the fragmentation of
preserved peptidic and/or amino acids obtained in TA1 and TA2 by the ToF-SIMS spectral analysis
of sample BH8-24c obtained in the underground ferruginous materials of Pefia de Hierro.

Supplementary Table 8. List of fragments attributed to different sterols and hopanoids that have
been recognized in TA1 and TA2 of sample BH8-2c through the ToF-SIMS spectral analysis.
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Supplementary Figure 1. Composition of two SEM-EDAX images of sample BH8-2c showing ferruginous
materials infilling a crack formed in the Pefa de Hierro basement. (a) displays an internal layering with a
complex mineral composition that includes silica, ferric oxysulfates, and oxyhydroxides matching some of
the layers identified through the ToF-SIMS SEM microimages like the microlaminated (ma) and fibrous-
cryptic (fb) layers (see Figure 2b). The spectra 1 and 2 collected from a couple of microlaminated layers
(ma) agrees with a ferruginous oxysulfate and/or oxyhydroxide mineralogy as they have a higher
concentration in Fe, O, and S. In contrast, spectrum 3 has been obtained from weathered host rock which
microstructure has been characterized as fibrous-cryptocrystalline (fb). In this last case, the occurrence of
Mg and K and high intensity in Si, and a lowering in S, suggests that it is composed of phyllosilicates and
silica. (b) shows the presence of a fibrous-cryptocrystalline (fb) layer, which composition obtained by the
spectrum 1 reveals a silica enrichment (9 wt%) and C (8.7 wt%) but a low Fe concentration (6.3 wt%). In
turn, the spectrum 2 obtained in the microlaminated layer (ma) shows a substantial decrease in Si to 3.2
wt% but an intense increment in Fe to 29.0 wt% for Fe. Such an element concentration is consistent with a
mineral composition formed by ferric oxyhydroxides. Both spectra 1 and 2 have a notable presence of N
(2.5 to 3.6 wt%), which is likely associated with the occurrence of the NO",,,.3-bearing micronodular
structures found in TA1 and TA2 (see Figure 4c).
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Supplementary Figure 2. Red, Green, and Blue (RGB) image merging for HSO,, FeO,H", and SiO,
+Si,H,O in TA3. It displays the distribution of the three main unit layers including the fibrous-
cryptocrystalline (fb) enriched in SiO,, the microbrecciated (mb) containing microclasts with
diverse composition, and the microlaminated (ma) with Fe-bearing oxysulfate/oxyhydroxide
minerals ((SO,)FeOx).
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Supplementary Figure 3. ToF-SIMS RGB image combination in TA2 revealing the internal fabric in glassy
(ms) and microlaminated (ma) layers consisting of different laminas. The Red image comes from the
distribution of C;H,,0, that appears along the glassy layer (ms). In turn, the Green image resulting from
the sum of C,,H;,0*, C,,H,,0%, and C,sH,,0" traces a sinuous lamina defining a boundary between the
glassy (ms) and the microlaminated (ma) layers. The Blue image resulting from the sum of C,3H;,N*,
CigH4oN*, CyoH,4uN*, Cy1H,4eN*, and C,,H,gN* reveals a couple of internal laminas in both glassy (ms) and
microlaminated (ma) layers associated with the distribution of N-bearing fragments in TA2.
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Supplementary Figure 4. (a) Abundance of saturated and monounsaturated < Cg hydrocarbon
fragments in TA1 and TA2. (b) ToF-SIMS image distribution of propyl and butyl fragments in TA1
and TA2. (c) A couple of microstructures consisting of the laminas described in Supplementary
Figure 3 and the NH,*-micronodules defining Gy sourcing two different sets of N-bearing cations

in TA2. They have been tentatively corresponded with N-bearing lipids (e.g., sphingolipids), and
peptides.
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Supplementary Figure 5. ToF-SIMS ion images and RGB (Red/Green/Blue) image overlay for a
set of [M — H]" FA adducts (see Supplementary Table 5) in the three target areas TA1, TA2, and
TA3. (a) Shows that in TA1 FAs have a varying distribution in the different nodular
microstructures, where C,,., (m/z 227.20) is the main FA in the sulfate-rich microclasts of the
microbrecciated layer (mb). (b) TA2 FAs are predominantly found in the Gom microstructure that
is associated with acylglycerides, but also in tiny micronodular structures that come together
with NO",<3) i0ns. (c) In TA3, the majority of FAs are principally occurring in the
mirobrecciated (mb) and microlaminated (ma) layers, excepting a circular micronodule (white
arrow) that show a high intensity in Cg,, and Cq., (m/z 143.11, and 157.12).
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Supplementary Figure 6. Mass spectrum (intensity units in cps) in the range of 450 to 600 Da
showing different peaks of NH,*-adducts and dyacylglycerides found in TA2.
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Supplementary Figure 7. ToF-SIMS images of cations tentatively identified as fragments
of a phosphocholine derivative occurring at a higher concentration in the Go
microstructure found in TA2.
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Supplementary Figure 8. Mass spectra (intensity units in cps) showing the distribution of P-
bearing compounds in TA1 (a) and TA2 (b) corresponding with phosphatic salt fragments and
phospholipid adducts (Supplementary Table 6).
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Supplementary Figure 10. Principal component analysis (PCA) performed for the ToF-SIMS cation data
(see Supplementary Table 7) that have been identified as amino acid fragments in TAL. For this
analysis, 32 cations have been considered. The results suggests that in TA1 the main source of amino
acid fragments comes from the different sulfate-rich clasts embedded in the microbrecciated layer
(mb). In turn, PC2 and PC5 show that some fragments (e.g., m/z 42.04, and 56.06) are secondarily
originated in the microlaminated and silica-rich fibrous-cryptocrystalline layers.
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Supplementary Figure 11. Principal component analysis (PCA) performed for the ToF-SIMS cation data
(see Supplementary Table 7) that have been identified as amino acid fragments in TA2. To perform this

bearing cations have been considered. The PCA has revealed three different areas

sourcing the amino acid fragments as the glassy layer (PC1 and PC2), the microlaminated layer (PC3),

analysis, 30 N

bearing micronodules (PC4, PC13, and PC15).

+_
4

and the NH



Spectrum 1
Siderite
(FeCO3)

Spectrum 2

Pyrite
(Feﬁp

' 20um ' OFe.: : . M

Supplementary Figure 12. SEM-EDAX image showing the occurrence of different
carbonatic microstructures resulting from the microbial biomineralization in the
sample BH8-24c collected in the Peia de Hierro basement.




Microstructure Molecular Association Inorganic Organic

Microstructure Morphological groups Possible origin
(MMA) cations anions cations Major organic anions anions
PO,.,PO;, NaPOH, CasHsNOGP” (e.g., PE(O-
f and larger inorganic R
100 micron long crenulated fragments of 16:0/17:1), and CsHezNOSP PO, microbial
microstructures with fine (< 1-20 ragments of (e.g., PS(17:2/20:5) biomi lizati
MMA1 microns) laminas. It migh also appear as Go K> Na _phosphaticsalts n/o COP™ > CON >CN’ & . . (.lrommera zation d
small (< 20 micron) micronodular units secondary SO." and Heterocyclic compounds AE_ZS_";‘?IC_"“‘;S an
in the microlaminated layer econdary 50, an like CygH;05, and cidiphillium
S0, ) 3
C16H29N4035 /Ca4H25N,06
Acylglyceride fragments
and adducts (e.g., .
Cy3HesO4” (DAG(30:0)), FAs dominated by Cy6.9 > Cyg,0
CueHey0, (DAG(32:0)) showing internal variation
ssier=a . - where Cy0 > Cys0
and C3;H;,0,
(DAG(34:0))
MMA2 < 20 micron-sized Micronodules inside G n/o PO, and PO . . . . Degradation of endolithic
the glassy layer © >, an 3 Phosphocoline CNO, CN Cy,H,550,, and Cy4H,450, microbes
(CsH1NO", C5H15PNO,)
and aminohopanols
(e.g., C35H54N03*,
C3sHeNO,", and C3H,037, C;H305°
C35HesNO, ") fragments
ircul dules (< 10 mi in th NO, and NO; FAs (Cyg.0 > Cyg,
MMA3 circular no u‘es( ¢ microns) in the Gaf1) K Na* ZVar\ 3 o oNO O ( 150 14:0) Anammox bacteria
glassy and microlaminated layeres PO, and PO, CH,PO;
C,H N+, CHN®, CoHgN",
NH,">NO," . . - .
60 micron sized nodular structures ¢ ? FeO, ,Fe,Hs0,, GHaNy, GHgN, . Protein decomposers
MMA4 . X - Go , CaHioN', CaHN,0," ( CSN n/o L
mineralized by ferric oxysulfates FeSOgH 4H100N 5 aF7N2 Y (ammonification)
Fe' FeO' Fe,0," and more peptide
’ i fragments)
Mineralization of
Extracellular Polymeric
bt + + +
Go(2) Na™>K CoHaN', CoHgN', C3HgN Substances of biofilms by
e e C1aH13NO, C1sHisNO), sulfate
MMAS Thick (> 200 microns) glassy layer s0,Ss0,,5805,50y, —————————— CNO’, CN R R
CyoHaaN", CagHyN, CysHy7NO, and CygHy7NO
Sphingolipid bacterial
G + +
® K CasHyeN', and synthesizers
C38H80N*

Supplementary Table 1. Association between distinctive microstructures with potential biological origin and characteristic ions that have been
used to characterize the association between microstructures and molecular compounds (MMAs).



Potential compounds
Sam ple Group Area Subgroups m/z' m/z N -
m/z m/z
Only some micronodules show a maximum intensity in SO, /SO; (m/z at
62.97/79.97), and 5,0,-bearing negative ions like CsHsSO, (167.02), C;,H»350,
(263.13), C1,H,550, (265.15), C1oH,650, (266.15), C1,H,750, (267.15), C13H,S0,” Sulfate ?dduas formed from
a organic surface
(279.17), C13H5S0,4 (280.17), C14H,9S0,4 (293.18), C14H3,S0, (294.18), C14H3,S0, mineralized by sulfate
(295.16), C14H,4S05 (309.17), C46H33S05 (337.20), CyoH33S05 (353.22) and
42.04 (C,H,N"), 44.05 (C,HgN™), 54.04 (C3H,NT), 68.03 (C,H,N5Y), CooHaeS,0, (367.22), while is highly depleted in Fe*
70.04 (C,H,4N5%), 71.06 (C3H5N,"), 72.05 (C,HgN5"), 83.06 (C,H5N,), _ _ Potential fragments of amino
TA1 107.06 (CgH,N,'/C;H,0"), 109.08 (CoHsN,"), 113.08 (CeHy;NO'),  |26:00 (CN), 90.01 (C,N3), 91.03, 92.03, 93.04, 117.44,119.05, and 133.07 Fragments of amino acids and | a¢; s or proteins occurring
122.08 (CgHgN5"), 123.10 (CgHsN'), 124.10 (CeHyoNs'/C,H1,N,Y),  |corresponding to CsHsN,, CsHaN,, CsHsN,, C4HoNO3, CgHgNy , and C7H N0 peptides with termenoids bearing
+ . . carboxylic radicals
126.11 (C;H1N, '), and 138.11 (C7H1aNy /CaHiaNy ) 211.09, 225.11, 227.13, and 239.11 could correspond with C;,H;3NO’, C;sH;sNO', Degradation compounds of
Cy5H17NO', and CigHyNO proteins
Occurrence of myristic acid
227.20, and 323.20, are assigned to C,,H,,0,, and C,,H,;0, (.CM:O) as.soc?ated t© te'r‘pene—
like cyclic with carboxilic
groups
NO,, and NO Formation of nitr?tes by
Ammanox bacteria
Group a, 79.97 (PSNH3'), 80.97 (CSNNa’), 81.96 (CHSNNa’), 95.97 (SNO3H;), 107.99 (CsH,SN
), and 105.98 (C,H,S,N); as well as different organic negative ions like 26.01 (CN'),
41.01 (CHN,), 44.02 (CH,NO’), 50.01 (C4H,), 51.03 (C4H5), 58.04 (CH,N5/C,H,NO
Ga(1) ), 59.01 (C,H;0,), 60.01 (C,H,0,/CH,NO,), 61.01 (CH3NO, ), 62.02 (CH,4NO,),
64.03 (CsH, ), 65.01 (C3HN,), 65.05 (CsHs ), 66.01 (C,N5/C,4H,07), 83.03 (C4,HNO),
83.06 (C4H,N,), 84.02 (C,H,N;07/C4H,0,), 84.06 (CsHgO/CsHgN3), 86.03 (CsHZNO,
), 88.03 (C,H,), 89.05 (C4Hs0,), 99.03 (C5H;N,0,7),100.02 (C3H4N,0,), 104.04
TA2 (C3HENO3), 105.04 (C5H,NO5), 107.07 (C3HgNO;3'), 108.04 (CsH4N,O/C,HGNO,), Poten'tial amino acids and
130.99 (C,H;05), and 141.10 (CgH130,) protein fragments co-
occurring with terpenoids
bearing carboxylic radicals
92.03 (C,H¢NO5), 93.05 (C,H,NO5), 99.02 (C3H3N,0,), 111.03 (CsHsNO, ), 117.04
(C4H;NO3), 119.05 (C4HgNO5), 133.08 (C5H44NO5), 135.06 (CsH,,0,4), 143.06
(C4HsN, /CgHgNO3), 163.08 (C1oH11,0,), 165.05 (CoH05), 183.02 (C;H14PO,),
Ga(2) 211.10 (C4H13NO), 212.10 (C14H14NO'), 221.09 (C1,H4304), 223.04 (C14H,05),
227.12 (C45H1,NO"), 237.10 (C16H130,/Ci3H1704), 238.10 (C16H1405), 239.10
(C16H17NO’), 272.11 (C4H,1NO,S/C14H14N505), 297.07 (C13H1305 ), 298.07
(Cy3H1405), 349.25 (C,;H330,), and 377.28 (C,3H3,0,)
the m/z " ions at 43.02, 45.04, 47.01, 57.04, 59.05, 60.02, 61.03,
69.04, 71.01, 73.03, 81.04, 85.03, 87.05, 97.03, 101.03, 150.12,
and 202.24, matching C,H;0", C,HsO", CH30,", C;Hs0", C;H,07,
C,H,0;", CH50,", C4Hs0", C5H30,", C3Hs0,", CsHs0", C4Hs0,",
C4H502+r C4H702+r C5H502+l C3H5N202+/C8H5+r C10H14O+/C10H16N+:
and C12H30N2+/C13H32N+ negative ion fragments at 45.00, 53.01, 55.02, 58.01, 59.02, 69.00, 69.04, 83.02,
84.02, 85.04, 86.01, 87.01,99.02, 101.03,111.02, 113.04, 116.03, and 125.04,
TAL which are assigned to CHO,’, C;HO', C3H30., C,H,0,", C,H30,-, CsHO, , C4HsO', Fragments of resilient
Several organic m/z" cations also show a higher intensity in the CoH305, CaHaOy', CaHsO5', Cah0y, CoH305, CaHaOsy, CaHsOy', CoHy05, CeHeOy, heterocyclic compounds
internal layer of A2 like 29.04 (C,Hs"), 31.02 (CH;0%), 41.00 CaHa07/CsHg0;, and CeH:0y
(@) (C,HO"), 43.02 (C,H;0"), 45.04 (C,Hs0%), 53.04 (C,Hs"), 461.57
g (unknown), 474. 53 (C34Hee'), and 492.56 (C3sH5, /CasH-oN")
o'o 55.93 (Fe), 56.96 (CaOH"), 64.97 (SO,H"), 99.94 (CaCO;’), 144.86 _ o o
L (Fe,0,H"), 258.76 (H;0,Ti,"), 402.61 (S-Fe-unknown positive M'n?ral'zat'on by acidic
o) . soutions
fragment), and 431.55 (Fe¢Og )
Group f3
m/z " fragments like 63.96, 79.96, 183.02, 265.15, 279.16, 293.18, 301.21, 309.17,
. 311.16,312.21, 325.18, 337.20, 353.20, 381.22, and 397.22, which correspond to . N . Sulfate adducts formed from
Gp(1) m/z peaks.a t 26.9?, 31.02+, 41.00156.96, Ejnd 112.98 ) different S-bearing cations assigned to SO, SO, CsHySO5", C1oHpsS04, CrsHyrSOs, M.EIJOF p05|t|v§ cations of the a organic surface
corresponding to AT, CH;0', GHO', CaOH, and 5,0 CoabasS04, CoabpoS05, CyrHrSO5, CrghnSO;, CigHasSO5), CrahnSO5 /CooHioS05, | o mineralized by sulfate
C,0H33S03, C15H3,S0¢, and CigH3,S0;.
set of inorganic positive cations like 55.93 (Fe"), 56.96 (CaOH"),  |,/,"88.93, 168.88, and 250.84, which fit well Fe- and S-bearing negative ions like
TA2 64.97 (S+02H+), 99.94 (CaC0;’), 144.86 (Fe,0,H"), 258.76 FeO,H’, FeSOsH’, and CH;Fe;0,, respectively. Some m/z” organic fragments like Mineralization by acidic soutions
(H304Ti, ), 402.61 (S-Fe-unknown positive fragment), and 431.55 (24.00, 41.00, 50.02, 51.02, 189.00, 203.01, 387.21, 411.24,421.22, 465.61,
(FeeOg/FeS0,") 473.28,479.33,481.32, and 735.44.
GB(2) . o . . .. |m/z 24.00,41.00,50.02, 51.02, 189.00, 203.01, 387.21, 411.24, 421.22, 473.28,
m/z °rga”'c+cat'°”5 29.04 (CjHS ),31.02 (C+H3O ),41.00(CHO'), | 179 33 48132, and 735.44 that correspond with C,’, C,HO", CHeS/CaHy, CaHy, Phenalenones/Silesterol-
43.02 (GIF,0'), 45,04 [C1;07), 53.04 (Cafts ) and 125.00 CoHs07, CHH,05, CasHssOs /CaghrO5', CasHssOs / CaghssOu', CosMasOy, CoalesOs [ Lipic fragments aurovenetin compounds, and
;andHZF;CZ)jlsg In addition, some unknown peaks at 461.58, 474.55, /CatHarOu, CoHasOs /CatHusOr, CarHacOx /CosHasOs, and CasHeoOs” CasHesOs strictures Y
/C47H59O7-'
Potential amino acid
18.04, 58.07, 78.08, 161.10, 214.24, and 242.28 define several 80- fragments. C;,H;,N" and
Group v TA2 mlcror? long egg-shape.d micronodules .that fare found at the edg:e C,6H3cN* may correspond to
of the internal layer (Fig. A2). Such positive ions match well NH,’, NH,’-bearing adducts of
C3HgN", C4H1oN", CgH1sN30,", CaH3oN", and CrgHzgN' hydrocarbon fragments like
Cq4H,g and CygH3,.
Group € TAl unique positive fragment m/z" 70.07 (CsHyo'/C4HgN") Unknown origin
Group o TA2 m/z" fragment 88.08 (C4H;,NO") Unknown origin
m/z" 62.97 (PO, ), 78.97 (PO3), 118.95 (NaPO,H’), 138.94 (CHO,P,), 139.94
(CH,0,4P,), 155.93 (CH303P5), 365.25 (C15H35P0s /C17H34PO ), 425.23
TA1 (C19H35P0g/CogH3305), 437.17 (C16H29N,055/CraH5N,0¢ ), 568.65 (CasH76N,O”
/CseHeN,0,), 628.64 (C4sHrsNO, ), 670.57 (CagHosNOsK/CagHaoNO ), and 730.56 phosphatic salt fragments, N-
. and P- bearing lipids
G high intensity in the positive ions at 22.99 (Na®), 38.97 (K), 40.97 (Ca1H3iNO7P') Highly mineralized matrixin |including
iR e (H2K+)' and 94.93 (KZOH+/P2HS+) m/z 58.97,62.96, 78.96, 79.96, 93.98, 95.95, 118.94, 138.93, 178.91, and 180.92 Phosphate ﬁlycerophc.)spholipids, ar‘\d
eterocyclic structures like
corresponding with CPO’, PO, SO,, PO3, SO5, CH;P03, SO,, HNaPO,, HAIPOs, polyketides
TA2 HAICaPOs, and NaP,0g . Such a pattern is also followed by larger negative
fragments as 424.75, 568.65, 628.63, 670.56, and 772.47 that could correspond
with K,Ps0;,, C37HgoN,0', C4oH-5NO,, C3gH7,NOg /C35H73NOGP’, and C43Hg7;NOoP
large positive fragments at 494.57, 522.60, and 550.62 matching NH,"-n-alkene adducts
Group K TAl well NH, -bearing adducts like C34H5,N", C3¢H56N", and CagHgoN* sourced in s;.)h‘ingolipids and
other large lipids
The m/z " fragments occuring at 127.09, 155.12, 157.14, 169.13, 197.17, 199.17,
This group is traced by positive fragments in the 79.02, 495.45, 227.21,241.22,253.23, 255.24, 269.25, 281.26, and 283.28, corresponding to
Group ® TA2 3.23.49, 551:52,. and 5.79.56, wh+ich fit weII+to a serie:s of ) fatty acid fragm_ents like c7|.|1102: (Cs.0), C9H1soz—(F9;1), CoH1705 ( C?:O)l C1oH1705 » Acyldyacylglicerides
iacylglycerids including CsH30", C31Hsq0," (DAG28:0), C33He30, (C10:1), C12H2105 (C12:1), C1oH230, (Caai0), C1aH270; (Ciaia), CisHas0; (Cisig), CieHao0,
(DAG30:0), C35Hs;04"(DAG32:0), and C5;H7,0," (DAG34:0) (C16:1), C16H310; (Cig:0), C17H3305 (Ca7:0), C1gH330, (Cigiq), and CigH350; (Cogio)
TAl Different negative ions occurring in TA1 and TA2 like 19.00 (F'), 32.98 (HS'), and i
Group o ] Various sources
TA2 34.97 (CI")

Supplementary Table 2. Identification of the different morphological groups through the molecular distribution in the underground ferruginous materials of Pefia de Hierro using the ion mapping through the ToF-SIMS.




BH8-24¢-TAl BH8-24¢-TA2
Measured m/z (Da) error (ppm)  Measured m/z (Da) error (ppm)

Compound Calculated m/z (Da)

CoHs' 41.04 41.04 -77.97 41.03 365.50
CsH," 43.05 43.06 -155.61 43.06 -192.80
C,H," 55.05 55.06 -134.41 55.06 -128.97
C,Ho" 57.07 57.07 -22.78 57.07 -80.60
CsHg' 69.07 69.07 -39.09 69.07 -36.20
CeHyy' 83.09 83.09 16.85 83.09 34.90
CeHys' 85.10 85.10 -12.93 85.10 -27.03
C,H,5" 97.10 97.10 -25.75 97.10 15.45
C,Hys" 99.12 99.12 34.30 99.12 33.29
Cy3H3oN” 200.24 200.24 2.50 200.23 30.96
CyaH3oN* 214.25 214.26 -36.40 214.24 28.00
CigH3N™ 242.28 242.29 -33.43 242.28 6.60
CigHioN” 270.32 270.32 6.66 270.31 23.68
CooHuN* 298.35 298.35 6.70 298.34 25.47
CyyHagN” 312.36 312.37 -23.69 312.36 -4.16
CyoHugN” 326.38 326.38 7.35 326.38 11.95
CysHs,N* 368.43 368.41 42.62 368.42 21.44
CyqH,,N* 494.57 494.59 -30.94 494.56 16.18
CygHsgN” 522.60 522.60 0.96 522.60 6.31
Cy7H7gN” 536.61 536.60 19.94 536.59 40.07
CagHgoN" 550.63 550.63 7.81 550.62 12.17

Supplementary Table 3. Cation list of hydrocarbon fragments and NH4+ adducts found in TA1 and TA2 of
the sample BH8-24c collected in the Pefa de Hierro weathered basement.



Compound Calculated m/z (Da)

BH8-24c-TAl

BH8-24¢-TA2

Measured m/z (Da) error (ppm)

Measured m/z (Da) error (ppm)

CoHy'

CioHg’
CuiHg'
CioHg
CisHg'
CigHio'
CisHg'
CigHio"
CizHiy
CigHio’
C19H11+

115.05
128.06
141.07
152.06
165.07
178.08
189.07
202.08
215.09
226.08
239.09

115.05
128.06
141.07
152.06
165.06
178.07
189.06
202.07
215.08

-40.85
-8.59
20.56
20.39
34.53
56.15
35.97
56.91
62.30

115.06
128.06
141.07
152.06
165.07
178.07
189.07
202.07
215.08
226.07
239.09

-53.89
-19.52
8.51
8.55
21.81
49.98
22.74
38.60
32.54
31.85
-9.20

Supplementary Table 4. List of [M-H]+ and M+ of different polycyclic aromatic hydrocarbons (PAHs)

found in the ferruginous underground materials of Pefia de Hierro.



BH8-24c TA1 BH8-24c TA2 BH8-24c TA3

Generic fatty acid Caleulated m/z Observed m/z  error intensity (cps) Observed m/z error intensity (cps) Observed m/z  error intensity (cps)
Heptenoic C,.; (C;H;,0,) 127.08 127.08 -18.10 130.00 127.08 -11.80 480.00 127.08 -18.10 130.00
Heptenoic C,., (C;H,,0,) 129.10 129.08 -132.46 70.00 129.10 8.52 250.00 129.08 -132.46 70.00
Octenoic Cg.; (CgH1,05) 141.09 141.09 24.10 84.00 141.10 70.88 355.00 141.09 24.10 98.00
Octenoic Cg. (CgH1605) 143.11 143.11 -22.36 175.00 143.10 -40.53 795.00 143.11 -34.94 164.00
Nonenoic Cg.; (CoH160,) 155.11 155.11 7.74 56.00 155.12  64.47 235.00 155.11 1.93 65.00
Nonenoic Cy.q (C4H;50,) 157.12 157.13 32.46 110.00 157.13 91.01 390.00 157.12 -30.55 95.00
Decenoic Cyp.1 (C1oH150,) 169.12 169.13  48.49 51.00 169.13  84.56 210.00 169.13  46.71 40.00
Decanoic Cyq.1 (C1oH500,) 171.14 171.14 -0.58 135.00 171.14 -5.26 345.00 171.14  -24.54 120.00
Undecanoic acid Cy1. (C11H,,0,) 185.15 185.16  50.77 43.00 185.17  83.72 120.00 - - 45.00
Dodecanoic acid Cy,.¢ (C1,H,,0,) 199.17 199.17  -22.98 80.00 199.16  -37.03 355.00 199.17  -16.07 90.00
Tridecanoic acid Cy3.9 (C13H,60,) 213.19 213.18 -35.25 56.00 213.18 -37.61 178.00 213.17 -71.77 50.00
Myristoleic acid Cy,.1 (C14H,60,) 225.19 225.18  -55.06 55.00 225.19 18.65 175.00 - - -
Myristic acid Cy4.9 (C14H,50,) 227.20 227.20 -7.92 130.00 227.19  -31.67 1000.00 227.20 -22.01 170.00
Pentadecenoic acid C;s.; (C5H,50,) 239.20 239.20 -5.41 43.00 239.21 41.81 200.00 239.20 1.67 65.00
Pentadecanoic/methyl myristic acid C;s. (C15H300,) 241.22 241.21 -21.14 145.00 241.23 55.55 542.00 241.22 -19.07 140.00
Palmitoleic acid Cyg.4 (C1H300,) 253.22 253.21 -24.09 130.00 253.23 52.92 250.00 253.22 -8.69 130.00
Palmitic acid Cyg. (C16H3,0,) 255.23 255.23 10.58 275.00 255.25 94.82 1600.00 255.23 18.81 260.00
Methyl palmytic/Heptadecenoic acid C;,.; (C;7H3,0,) 267.23 267.25  72.97 20.00 267.21  -66.61 120.00 267.23 7.11 47.00
Heptadecanoic acid Cy7. (C;7H340,) 269.25 269.25  -17.83 43.00 269.27  69.82 285.00 269.24  -30.08 62.00
Oleic acid Cyg,4 (C1gH340,) 281.25 281.25 2.13 70.00 281.24  -48.36 195.00 281.25  -12.09 92.00
Stearic acid Cyg.9 (C1gH360,) 283.26 283.25 -44.84 32.00 283.27 38.83 415.00 283.27 26.12 60.00
Nonadecyl acid/methyl stearate; nonadecanoic acid C;q.4 (C19H350,) 297.28 - - - 297.27  -22.20 70.00 - - -
Lignoceric/tetracosanoic acid C,,. (C4H450,) 367.37 - - - 367.37 -3.54 55.00 - - -
Pentacosanoic acid Cys.q (Cy5Hs500,) 381.37 - - - 381.39 59.78 50.00 - - -
Cerotic acid/ Lauryl myristate C,q.9 (Cy6Hs,05) 395.39 - - - 395.40 12.65 34.00 - - -
Heptacosanoic acid C,5. (C,7Hs5,0,) 409.40 - - - 409.42 43.97 22.00 - - -

Supplementary Table 5. List of the FA [M — H]- adducts identified in the three target areas TA1, TA2, and TA3 of the BH8-24c Pefia de Hierro sample by using ToF-SIMS.



BH8-24c TA1l BH8-24c TA2

Compound Calculated m/z

Observed m/z error Observed m/z error
Acylglycerols
Cs;Hs60," 495.44 - - 495.45 -29.47
Cs3Hg30," 523.47 - - 523.49 -38.02
CssHg70," 551.50 551.53 -54.40 551.52 -41.34
Cs7H5,0," 579.54 - - 579.56 -32.78
Phosphocholine derivative
CsH.,NO" 104.11 104.11 6.72 104.11 -20.17
CsH;sPNO," 184.07 184.08 -36.40 184.07 -15.21
Sphingolipids
CygH3NO" 282.28 282.29 -32.24 282.29 -38.26
CigH3gNO™ 284.30 284.30 3.17 284.32 -83.71
CyoH3gNO™ 308.30 308.29 29.19 308.31 -38.60
CyoHaoNO™ 31031 310.32 -33.84 310.33 -61.87
C3,H74NO," 564.57 564.55 36.31 564.58 -25.33
Cy,H7,NO," 594.55 594.54 14.97 594.50 76.36
CayHgoNOS" 668.62 668.62 6.58 668.61 21.54
Phosphoplipids
CygH,3NOGP” 670.52 670.59 -97.83 670.56 -59.95
Cy4;Hg,NO,P 730.58 730.58 5.61 - -
CayH71040P 735.46 - - 735.45 6.93
Ca3Hg7NOGP” 772.46 - - 772.45 12.95

Supplementary Table 6. Different positive and negative ions of lipids obtained through the ToF-
SIMS spectral analysis in TA1 and TA2 of sample BH8-24c.



BH8-24c TA1 BH8-24c TA2

Compound Calculated m/z Observed m/z error Observed m/z error
Major ions
HS- 32.98 32.98 -30.32 32.98 51.55
CON- 42.00 42.00 -111.90 42.01 -154.76
CNS- 57.98 57.98 12.07 57.98  -56.92
Amino acid/peptide fragments (Ga)
CH5N* 28.02 28.03 -288.72 28.03 -306.92
CH4N* 30.03 30.03 -136.53 30.04 -206.46
CoH4N* 42.03 42.04 -249.82 42.04 -256.96
CoHeN* 44.05 44.05 -111.24 44.05 -68.10
C3H4N* 54.03 54.04 -223.95 54.04 -216.55
CsHeN?* 56.05 56.06 -96.34 56.06 -137.38
CyH,N3* 68.02 68.03 -94.09 68.03 -107.32
CsHsNy* 71.06 71.06 42.22 71.07 -91.47
CoHeNs* 72.06 72.05 149.88 72.05 123.51
CsH,NO* 73.05 73.05 2.74 - -
CoH7N3*/C4HoO" 73.07 73.06 17.79 73.06 102.65
CsH7N>* 83.06 83.06 7.22 83.06 -55.38
CsHioN* 84.08 84.08 36.87 84.08 44.01
CsHiaN* 86.10 86.10 16.26 86.10 31.36
Ca4H10N3* 100.09 100.08 72.93 100.08 80.93
CeH7N>* 107.06 107.06 26.15 107.06 21.48
CeHoN2* 109.08 109.08 11.92 109.08 -26.59
CsH11NO* 113.08 113.08 21.22 113.08 -3.54
CsH7N,0>* 115.05 115.05 -40.85 115.06 -48.85
CsH1ioN* 120.08 120.09 -72.37 120.09 -44.97
CeHgN3* 122.07 122.07 -36.86 122.08 -87.65
CsH1sN* 123.10 123.10 13.81 123.10 1.62
C7H12NL* 124.10 124.09 66.08 124.10 -11.28
C7H13N>* 125.11 125.11 -35.97 125.12 -58.35
CsH11N>* 135.09 135.09 2.96 135.09 -14.06
CsH12N>* 136.10 136.09 88.91 136.09 45.55
CsHi3N2* 137.11 137.11 -9.48 137.12 -42.30
C7H12N3* 138.10 138.11 -41.27 138.11 98.48
CeH13N20O>" 145.10 145.10 -12.41 145.10 -22.74
CsHoN3*/CsH11N.O3* 147.08 147.08 15.64 147.08 31.96
C7H1sN20,* 159.11 159.12 -50.91 159.11 -30.17
Amino acid/peptide fragments (Gy)
NH4* 18.03 18.04 -343.87 18.04 -310.59
CsHgN* 58.07 58.07 29.28 58.07 37.89
CasH1oN* 72.08 72.08 -45.78 72.08 -27.75
CoH11N3* 161.10 161.10 1.86 161.10 -9.93
Amino acid/peptide fragments (Ga, and Gp)
CsH 49.01 49.01 14.28 49.01 -93.86
C3HNy 65.01 65.01 35.23 65.01 -15.38
CaNs 90.01 90.01 52.22 90.01 -8.89
CsHsNy 91.03 91.03 43.94 91.03 7.69
CsH4aNy 92.04 92.03 130.38 92.04 22.82
CsHsNy” 93.05 93.04 95.65 93.05 19.34
C3H3N>O> 99.02 99.02 49.48 99.02 -30.30
CsH7NO3" 117.04 117.04 22.21 117.05 -46.99
CsH9NO3" 119.06 119.05 46.20 119.06 -11.76
CsHoNy 133.08 133.07 70.63 133.08 15.03
C7H7N,0" 135.06 135.06 31.10 135.06 11.11
CoH7N2 143.06 143.05 46.13 143.06 -18.17
CsH11N203S 179.05 179.04 44.68 179.05 -7.82
C13H27N,03S 291.17 291.16 25.76 291.17 -15.80

Supplementary Table 7. List of positive and negative ions produced from the fragmentation of preserved peptidic
and/or amino acids obtained in TA1 and TA2 by the ToF-SIMS spectral analysis of sample BH8-24c obtained in the
underground ferruginous materials of Peia de Hierro.



BH8-24c TA1 BH8-24c TA2
Observed m/z  error Observed m/z  error
Bacteriohopanepolyols

Compound Calculated m/z

CisHy' 177.16 177.17  -39.51 - -

CisHy30" 219.17 219.18  -43.35 219.18  -50.65

Co7HsoN” 388.39 388.40  -22.14 388.39 -3.35

CsHes04" 561.49 561.49 -8.01 561.49 -1.07
Aminobacteriohopanol

C3sHeaNO;' 546.49 546.46  62.40 546.48  26.72

C3sHeaNO," 562.48 562.49  -10.84 562.48 -0.36

Supplementary Table 8. List of fragments attributed to different sterols and hopanoids that
have been recognized in TA1 and TA2 of sample BH8-2c through the ToF-SIMS spectral analysis.
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