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Supplementary Text

l. Implication for the occurrence of thermophilic microbial communities in the deep and old
accretionary prism

In the lipid biomarker analysis of deep mud-volcaonce samples, we detected H-shaped GDGTs (table
S7); these were also observed with one to threiiaaa methyl groups in the isoprenoidal chain (cf
ref. 40). The H-shaped GDGTs are diagnostic biomarkerthtenmophilic and hyperthermophilic
archaea, including methanoge6$)( Thermococcale$@) and Thermoplasmatale&3), and have been
exclusively detected in hydrothermal settind@®)( The distribution of H-shaped GDGTs with dominant
core and monoglycosidic species implies that tlaesdossil signals of thermophilic or
hyperthermophilic archaea. Considering the fadt it concentrations of H-shaped GDGTs were
relatively variable throughout the sediments, dredwater in the original mud reservoir was mainly
supplied from dehydration of clay minerals (thatle smectite-illite reaction), detection of H-gad
GDGTs suggest that (hyper)thermophilic archaea lbeagresent in the deeper and hotter realm of the
old accretionary prism.

Controversially, 16S rRNA gene analysis showed ithast sequences were related to psychrophilic amd
mesophilic members that have been often observedlihto warm subseafloor sediments (Fig. 5, B and
C). This is consistent with these members beintyedeéifrom mesophilic microbial communities
inhabiting the original mud reservoir in the lovgadimentary basin, where tiresitu temperature was
expected to be 17°C to 30°C (see the main texyeNeeless, among 436,687 sequence reads, we
detected 48 sequences related to Aquificales (4d@rskquences from 104 and 119 mbsf, respectively),
3 sequences of Thermotogales at 119 mbsf, andueseg of Thermales at 2.58 mbsf, which are very
minor but presumably thermophilic or hyperthermdiptbacterial members based on the phylogenetic
placement. We suggest that these signals aread@fessil or inactive thermophilic bacteria ireth
modern deep mud-volcano biosphere.



Il. Isolation and characterization of methanogenicarchaeon strain 1H1

We set up 240 culture vessels in total for cultorabf methanogens from the KMV#5 core samples: 6
sediment core samples, 2 types of media, 5 metleanogubstrates, 2 cultivation temperatures,
duplicate for each substrate (see Supplementariidds). Cell growth and methanogenesis were
observed in only three cultures after 9 monthsiofibation. These three cultures were from Site 6900
sediment sample using the 1:10-diluted MJ mediuadNoncentration: 3 ¢'). No enrichment

cultures were obtained from Site C9004 sedimenpsasneven after 1 year of incubation. The
methanogenic substrates of the enrichment culivees H/CO,, methanol and trimethylamine.
Microscopic observation showed that the enrichnoatitire consisted of irregular coccoid-shaped cells
that produced kg like auto-fluorescence, indicating the growth afthmnogens. All enrichment
cultures were transferred to fresh medium with X0%) inoculation. Subsequently, only a/BO,-fed
culture was successively transferred. To isolateniethanogen, a serial dilution technique was used
both liquid and solid media supplemented withGD, as the sole energy source. Finally, we obtained a
pure culture of methanogen, strain 1H1.

Cells of strain 1H1 were non-motile, irregular dp€c8-1.8 um in diameter (fig. S7, A and B). Strai
1H1 utilizes H/CO,, acetate, methanol, dimethylamine, and trimethiyianfor growth and
methanogenesis. The following substrates did nopeu growth and methane production: formate,
dimethylsulfide, ethanol, 1-propanol, 2-propangtlopentanol, 1-butanol, and 2-butanol. Yeast extra
and acetate were not required for growth. Straifh jr¢w at temperatures of between 2°C and 50°C
with optimum growth at 40°C (fig. S7C). Althougletbktrain was cultured from the marine subsurface,
it was found to preferentially grow under low Na®hcentrations (down to 0 g)l(fig. S7D). In

addition, the strain had a wide range of NaCl catre¢ions at which it is capable of growth (NacCl
concentration: 0-70 ).

Comparative 16S rRNA gene sequence analysis shthaedtrain 1H1 was affiliated with the genus
Methanosarcina (fig. S7). The sequence was identical with thosgooheMethanosarcina mazei strains.
The strain has been deposited in the Japan Colteftir Microorganisms (JCM 19936).



lll. Assumption of thermogenic and biogenic end merner values for mixing calculation based on
the data from the Nankai Trough area

The calculation of mixing biogenic and thermoge@id, at KMV#5 requires estimation 6*C andsD
of CH, and G/C; ratio from biogenic and thermogenic end-membeis@sts. We used previously
reported data from nearby sites to constrain tivgads (fig. S8A). The assumed biogenic and
thermogenic end-member values for the mixing catoahs are shown in table S8.

Biogenic end-member

We estimated th&"*Ccs value of the biogenic end-member using the ave&ifec below 5 mbsf at
the KMV#5 measured in this study (+40%o) and théedénce betweedCera andd™Coic (ec ~

8Cpic —6"*Ccha, Which is between 80%. and 69%dyj in the active methanogenesis zone between the
SMTZ (~2 mbsf) and ca. 80 mbsf at Sites C0001, COG0R04, and CO00%%) (fig. S8B). Our
estimateds**Ccns of biogenic end-member is higher than typical bitig CH, (< —60%o; ref.12),
because CHat this site is inferred to derive from highfC-enriched DIC (see main text). TheC;
ratio of the biogenic end-member was estimateddasdhe average values in the active
methanogenesis zone at Sites C0001, C0004, andB@®®)J(fig. S8C). We assumed that the average
C,/C; ratio (i.e., 3500) in the active methanogenesisezat these sites is the most plausible biogenic
end-member value, and the observed range of 2000-62he possible range of the biogenic end-
member. We assumed that the most plausiblgy, of biogenic end-member is —166%o which is
observed at the Kumano basin and the possible valgebetween —188%. and —166%4,(64).

Thermogenic end-member

The§*Ccna and G/C; ratio of thermogenic end-member is based on data MITI Well off Tokai

(65), Site 808 off Muroto&4), and Sagara oil field6) (Fig. 4A and fig. S8A-C). Although the referred
sites are located far from each other and the sawak and thermal conditions are different, theesa
indicate that thé**Ccna values and gC, ratios of the thermogenic gases in the Nankai gincarea fall
within a narrow rangedt*Cca; —45%0 to —40%o0; @C,: 8 to 11). Therefore, we assumed that the
8"Ccra value and @C; ratio of the thermogenic end-member falls wittiia tange, and those of
thermogenic gas below 2100 mbsf at the MITI W&IfCcna —40%0; G/C,: 8), which is the site closest
to the Kumano basin, are most plausible valuebetiiermogenic end-member. In the Nankai Trough
area, théD of reliable thermogenic CtHhas been measured only at Site 808 off Muré4d. (At Site
808,0Dch4 values of the thermogenic GlHelow 1100 mbsf (>90°C) were —233%o0 and —225%o. dhe
values there are typical of Glgenerated at an early stage of thermal matut8y, Eor our mixing

curves, we assumed that the possible rang®gf, of the thermogenic end-member is —229 to —138%o.
The latter (maximum) value accounts for a possibigribution from higher-maturity gases. The lowest
temperature for the production of thermogenic gas assumed to be 80°C based on data from Site
C0002 in the Kumano basin. At the IODP Site COQ@@ch was penetrated down to ~2 km below
seafloor at 81-85°C, the mixed thermogenic gakiatorizon is delivered from deeper and thus hotte
realms and nan situ production of thermogenic gas occu4d)( Therefore, we infer that the production
of the thermogenic gas does not occur below 80H€.mMaximum temperature was assumed to be
~220°C based on previous predictions, accordinghiclwthe most gas is formed between 150°C and
220°C 67).



Supplementary Methods
Calculation of methane hydrate-saturation based 06*20y,0 and 8Dp20

Methane hydrate-saturation was calculated frommtbasured oxygen and hydrogen isotopic
compositions of wateBt®Opz0 anddDyzo) and the originab'®0 andsD values of pore water before the
formation of methane hydrates, according to thegulare described in Tomagtial. (68). The original
880 and3D values are estimated to be +4.3 to +5.3%. and -69-46.2%o, respectively, based on the
averaged'®0 andsD of hydrate water and known isotopic fractionatiaators of oxygen and
hydrogen in water between Structure I-gas hydnateliguid water, which are 1.0024-1.0034 and
1.017-1.024, respectivelgq). Using Raman spectroscopy, the formation strectdimethane hydrate-
chunks, which were obtained from 2.9 mbsf and imatety stored in a liquid Ntank onboard, was
determined to be “Structure I” due to the C-H synrnestretch of CH corresponding to large and
small cages (fig. S1). The addition’8®- and D-enriched hydrate water by the dissociatiomydrates
during core recovery and sampling should resuttighers*®0y.0 anddDy2o values than the estimated
880 and3D values of the original pore water. Based on th®ojsio difference between pore water
sample and original pore water, we determined tterwe fraction between added gas hydrate-
dissociated water and pore walusing the following equation

M= (8H20—60) /(ah - 80) (l)

wheredioo anddo represent measured valuesSB0 ordD of pore waterand the isotopic compositions
of original pore water before methane hydrate pitation, respectively, angi represents'®0 of the
hydrate sample.

One mole of methane hydrate with the stoichiomeimposition Ch5.75H0 (M = 119.5 g) contains
103.5 g of water, and has a density of 0.91 @ ¢f0). Hence 103.5 cirof hydrate-dissociated water is
derived from 131.3 (= 119.5/0.91) &wf gas hydrate. That is, one volume of pure wagéererates 1.27
volumes of gas hydrate. The gas hydrate satur&ias then calculated as follows

Sh=1.2M /(1 + 0.2M) x100 (%) )

Figure S4, A and B show the vertical profiles diraated methane hydrate-saturation in pore space.
Because the estimatétfO and3D values of original pore water vary from +4.3%c+8.3%0 and

from -9.2%o0 to —16.2%o, respectively, and given thege of reported isotopic fractionation factors of
oxygen and hydrogen in water between Structureslhyarate and liquid wate89), the estimates of
methane hydrate-saturation are associated with@@-8 relative uncertainty. When we adopted larger
isotope fractionation to estimai&O andsD values of original pore water, the estimated rae¢h
hydrate-saturations sometimes resulted in negatitees.

Taxonomic classification of the sequence reads, @aprocessing for OTU picking and beta
diversity analysis

The obtained sequence reads were processed abddsisewheresg). All the sequence reads were
processed using Pipeline Initial Process (httprdmyme.msu.edu/init/form.spr) with the following
parameters: forward primer maximum edit distancen@ximum number dil = s, 0; minimum average
exponential quality score, 20; reverse primer maxmedit distance, 0; and minimum sequence length,



150. For the classification and screening of tleeessed sequences, a BLAST+ analysis using the
SILVA database (http://www.arb-silva.de) was cortddc The mothur software package
(https://www.mothur.org) was used to remove chimseaquences and to cluster the sequence reads into
OTUs with a 97% sequence similarity threshold. gshe defined OTUs, Bray-Curtis dissimilarity
distance of the microbial communities was calcualated average-linkage clustering analysis was
conducted using the mothur package.

Using the abundance of top 100 OTUs at differeptlte Spearman’s rank correlation coefficient was
calculated. Network analysis and visualization wadormed by Cytoscape version 3.2.0 using the
Spearman’s rank correlation coefficient larger tBah

PCR amplification of methyl co-enzyme M reductase@nes

Using the environmental DNA extracted from the nwattano core samples as the PCR template, we
tried to amplify methyl co-enzyme M reductas®i(A) genes for methanogenic archaeal communities.
We used generahcrA-targeting primers mcrlIRD F and mcrIRD RLJ. PCR mix consisted of 1 x
MightyAmp buffer (Takara bio), 0.3 uM of each prim@.5 U of MightyAmp DNA polymerase, and

1.0 pl of the extracted DNA solution, in a 20-plwme. After initial denaturation at 98°C for 2 m#()
cycles of PCR were carried out with denaturatio883C for 10 min, annealing at 56°C for 15 s, and
elongation at 68°C for 30 s. Because no amplificapiroducts were obtained after the PCR, we toed t
amplify the extracted DNA by multiple displacemantplification before PCR. We tried to amplify
mcrA gene from the MDA product using the same PCR d¢mmdas described above. However, no PCR
products oimcrA gene were obtained.

Cultivation of methanogens

To cultivate methanogens, we used six whole rouamd samples obtained from Hole A at Site C9004
and Hole E at Site C9005: samples from the sediepiths of 0.66, 3.99, 12.10, 14.97, 18.10 mbsf
(Site C9004) and 12.82 mbsf (Site C9005 locatetierupper southwestern slope of the KMV#A9]].

The sediment samples were collected from the inastmortion of the whole round core using a sterile
tip-cut plastic syringe in a laminar flow clean bhronboard th€hikyu. The sediment samples were
preserved in glass bottles under anaerobic comdiéinod the samples were stored at 4°C in the dark u
experiments were performed.

We prepared two types of media for enrichment athareogens. The first medium (hamed MJS
medium: ref.72) consisted of the following components)i 0.125 g NHCI, 0.14 g KHPO,, 0.8 g
CaCh-2H,0, 4.18 g MgCJ- 6H,0, 0.33 g KCI, 30 g NaCl, 2.5 g NaHG®.72 g NaS-9H0, 10 ml
trace mineral solution, 1 ml Se/W solution, 1 niawiin solution, and resazurin solution (1 mg'ml
The trace elemental solution contained){l0.596 g FeG}4H,0, 0.528 g MnGl- 4H,0, 0.083 g CoG|
0.085 g ZnGCl, 0.005 g CuGl 0.001 g AIC4, 0.01 g HBO3, 0.01 g NaMoOy-2H,0, and 0.259 g NiGl
The Se/W solution contained{}: 1 g NaSeQ, and 0.5 g NAWO,- 2H,0. The vitamin solution was
composed of the following vitamins‘J(): 20 mg biotin, 20 mg folic acid, 100 mg pyridogutiCl, 50
mg thiamine-HCI, 50 mg riboflavin, 50 mg nicotiricid, 50 mg DL-pantothenate (Ca salt), 1 mg
vitamin By, 50 mgp-aminobenzoic acid, and 50 mg lipoic acid. The sdamedium was 1:10-diluted
MJS medium, but the medium contained the same amm@dNaHCQ, N&S-9HO, trace mineral
solution, Se/W solution, vitamin solution and ragaz solution. The final pH value of the two media
was 7.0 at 25°C. The following each of the methamagsubstrates were added to the medium as the



sole energy source: KO, (approximately 150 kPa in the head space), forifZitenM), acetate (20
mM), methanol (10 mM), and trimethylamine (10 mNiyst before cultivation, the sediment samples
were suspended with the anaerobic media and appabeiy 15 ml of the sediment slurry were
inoculated into each enrichment culture mediuml&o@ultivations for the primary enrichment cultsire
were performed in 50-ml glass bottles containingril®nedium at 20°C and 55°C under anaerobic
conditions. The primary enrichment cultures wetteupein duplicate for each substrate. The seruns via
were sealed with butyl rubber stoppers and alumiotump seals.

Isolation and characterization of methanogenic archeon strain 1H1

Isolation of strain 1H1 from the enrichment culti{ég. S7) was conducted by serial dilution irulid
medium supplemented with a mixture of antibiotie@ncomycin and kanamycin, the concentration of
each was 50 pg i) and roll-tubes. After enrichment, all cultivatiowere performed using the MJS
medium, in which the NaCl concentration was 3'gMethane concentration was determined by gas
chromatography (GC3200G, GL Science) with a thewwoabuctivity detector.

Cell morphology was examined under a fluorescenceoscope (BX51F; Olympus) with a color CCD
camera system (DP72; Olympus). Growth and subagitdization were determined from microscopic
observation and production of methane. All incutradifor the substrate utilization test were perfeam
using exponentially growing cultures (10% inoculdy,volume) at 40°C for over 1 month. Effects of
temperature and NaCl concentration on the grow#strain 1H1 were determined in/@0O,-fed

medium. The growth rates were calculated by meagumethane production. To evaluate the
temperature range for growth, cultures were incedbat 2, 4, 10, 15, 20, 25, 30, 37, 40, 42, 45r%D
55°C (pH 7.0). NaCl requirements were determinegti warying concentrations of NaCl from 0 to 80 g
It in the basal medium. All incubations for thesest@gere performed in triplicate culture vessels for
over 4 months incubation. The 16S rRNA gene sequehthe isolate was determined according to a
previous report43). The 16S rRNA gene sequence-based phylogene&adconstruction was
performed using the neighbor-joining method witkeBiCantor correction, implemented in the ARB
program (fig. STE)74). To estimate the confidence of tree topologiest&tirap-resampling analysis
with 1000 replicates was performed for the neighboring method by using MEGA program version 7
(75).

Mixing model for clumped isotopes of methane

The A*®CHsD of a mixture depends on th&*CHsD of the end-members, as well as $h% andsD
values of the end-membe5( 47, 76). TheA*CHsD of mixture with two-component mixing of end-
members (A and B) can be approximated as follaWis (

ACHsDrmixre = fa[ ACH3D] a+(1—fA)[ [AY*CH3D]g + fa(1—fa)( 8°Ca—5":)(6Da—3Dg) (3)

Clumped isotope data, taken in combination wittCgratios, have been used previously to estimate the
relative amounts of biogenic and thermogenic gé&#s Assumptions must be made about the biogenic
and thermogenic end-member valuesdDfands**Ccpa, and their clumped isotope temperatures. In our
case, clumped isotope temperature of the biogemeamwember value is unknown. We constrain its
plausible range as follows: Assuming two-end-menmbiging between biogeni'°C: —39.5%. to —

29%o [most plausible: —39.5%$D: —188%o0 to —166%. [most plausible: —166%.] and thegenic CH

(8"3C: —45%0 to —40%o [most plausible —40%3P: —229%o to —138%o [most plausible: —229%]), we plot



mixing curves between two end-members (fig. S9¢hEaE the curves shown corresponds to a mixture
that carries a 30°@**CHsD temperature, but with a different proportion @denic CH and/or
different assumed**CH;D temperature for the biogenic end-member.

The diagram of mixing curves with various biogefnaxctions constrains the fraction of biogenic 4H
the mud volcano samples to at least 70% of thé @ia. The calculated fraction of biogenic methane
cannot be less than 70% unless Ah#CH;D temperature of the biogenic end-member is <0%@¢chvis
improbable for the sediment in the Kumano basinyrdess the\"*CHsD temperature of thermogenic
methane is <<150°C.
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fig. S1. Photographs and Raman spectra of methangirate and a seismic profile of KMV#5.(A)
Photograph of small patchy grains of methane hgdrat the KMV#5 sediment cordB) Photograph of

a methane hydrate chunk observed in the sedimeat @) Raman spectra for methane hydrate-chunks
collected from the KMV#5. The C-H symmetric strétthbands of methane in small cage®)(&nd

large cages (%6°) are indicated at 2915 cfrand 2905 cri, respectively, suggesting the occurrence of
“Structure I” methane hydrates in the KMV#5. ThenRa intensities were calculated using Lorentzian
curve fitting method.d) A SW-NE seismic line across KMV#5 shows a botteimulating reflector
(BSR) at around 411-463 mbsf in the immediate iticiof the mud-volcano. Within the mud-volcano,
other strong reflectors can be observed at aro@ad215 mbsf. Time to depth conversion is based on
P-wave velocities of 1500 nmi’sin the water column, and 1600—-1800 this the sediment.
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fig. S2. Thermal gradient based on the temperatures measured in situ at KMV#5 and IODP site
C0009. The temperature at Site C9004 of KMV#5 was measured by using the APCT-3. The temperature
was determined by extrapolation of thermal equilibrium during in situ temperature measurement for
several minutes. The temperature profile at Site CO009 was calculated based on the heat flow in shallow
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fig. S5. Average linkage clustering analysis basexh the Bray-Curtis dissimilarity distance of 16
rRNA genes.Clustering of bacterial) and archaeaB) communities. The Bray-Curtis distance values
were calculated based on the operational taxonamts with 97% similarity cutoff. Blue and red
communities represent the depth location abovebatmlv 6 mbsf, respectively. Bars indicate square
distance of the average linkage clustering.



Actinobacteria_Actinobacteria
B oP8_unclassified

| OP9_unclassified

@ _ Chloroflexi_GIF3
; ; | Chloroflexi_GIF9
e Chiorofiexi_TK10
= " Chloroflexi_vadinBA26
& .. Nodis size Firmicutes_Bagill
L8V ® O 510,000 setjusnces [ Firmicutes_Clostridia
' - Fusobacteria_Fusobacteria
O 330 sequences
Protecbacteria_Alphaprotecbacteria
Edge style
ey ) ) . Protecbacteria_Betaproteobacteria
L) e Negative Correlation

—— Positive Correlation

Edge color
-1.0 -0.7 07 1.0

[ Proteobacteria_Deltaproteobacteria
[ Protecbacteria_Gammaproteobacteria

[ Spirochaetes_Spirochaetes

Spearman’s coefficient

Crenarchaeota_Marine Benthic GroupB_unclassified

/8 < Crenarchaeota_Marine Group I_unclassified
S
P | } P | Crenarchaeota_MCG_unclassified
L \ =
Crenarchaeota_Soil Crenarchaeotic Group_unclassified
Node size .Euryarchaeota_Methanomicrobia_ANME-1

) >12,000 sequences .Euryarchaeota_Methanomicrobia_Methanosarcinales
O 32 sequences

Edge style
Positive Correlation

.E uryarchaeota_Thermoplasmata_Kazan-3A-21

.Euryarchaeota_ThermopIasmata_ThermopIasmataIes

Edge color
0.7 1.0

Spearman'’s coefficient

fig. S6. Community network analysis based on Spearan’s correlation coefficient Network graphs
for bacterial A) and archaeaB) communities. Spearmarcorrelation coefficient was determined
identify co-occurrencpatterns of OTUs with 95% similarity cutoff. Thesificant correlations (p
0.005) with coefficient (rho) greater than 0.7 oradler thar—0.7 were used for visualization
Cytoscape as network graph.
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fig. S7. Characteristics of the isolated methanog@narchaeon strain 1H1 (A-B) Photomicrograph
of strain 1H1 grown on $CO, medium. Shown are a phi-contrast micrograph (Pand fluorescenc
micrograph (B of the same field. Barepresent 1@m. (C-D) Effect of temperature and Na
concentration on growth. Effect of temperatiC) and NaCl concentration {[@n the specific growt
rate of strain 1H1 on #ACO, medium.The specific growth rates were measured only foinom
growth. Error bars indicate standard deviationgipficate determinationsE) Phylogenetic tree basi
on 16S rRNA gene sequences showing the placemeairanri 1H1. The tree was constructecusing
the neighbojeining algorithm. The bar indicates 0.1 changesmueleotide sequence position. 1
solid circles at nodes indicate positions wherecthr&idence value of 1000 bootstrap trials supg
more than 80%. Accession numbers are showr the species/strain names.
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fig. S8. Chemical and stable isotopic compositiorts hydrocarbon gases in the Nankai Trough
area. (A) Locations of the reference sites at which hydroca gas data have been reportét] §5, 64,

65, 66, 79). Vertical profiles 08'°Ccns andd**Ceoz (B), Ci/C ratio (C), anddDcwa (D) at the reference
sites.



6.5 :
0
: 3
: 3
o 1.
: -
R N
2 : 5
e q55 52
e & ] . Eg :
Q : 5
: 120 @ ©
3 o 50
. 959
9 Biogenic methane: 95% Ep 5 g
2 1 22
© 55 |- 28
3, 78
5 435 <5
7 : 35
2 ]
) - 40
3 45
5 AN T P I
0 50 100 150 200 0
A3CH,D temperature
of thermogenic methane (°C)
0
08 i
q) ~—~
; ] @)
g I° s
© ] =
E 10 B s
2 : 8-%
: i
) ] 25
] 415 &0
: ] c
f 0 ] Dco ()
A 90% : 5 8)
: ] 20 & 5
™ - Z :
0 0
(%) _..A......._._....................._ __-
% — Biogenic methane: 95%0 1 s
55 L L 4 | i 1 i 1 i 1 i [l . -

100 150

A3CH,D temperature
of thermogenic methane (°C)

fig. S9. Mixing curves of A®*CHsD between biogenic and thermogenic methane end-members
consistent with a final clumped isotopologue temperature of 30°C for the resultant mixture.
Curves show different assumed proportions of biogenic gas. X-axis is A™*CH3D temperature for
thermogenic end-member. Left Y-axis and right Y-axis indicate A"*CH3D and A**CH;D temperature for
biogenic end-member, respectively. Solid curve demonstrates a two end-member mixing scenario
between biogenic and thermogenic hydrocarbons with varying biogenic fractions (10-95%). The lower
graph is a close-up of the possible ACHsD temperature of thermogenic CH,4 (pink shading in the upper
graph). Dashed curves indicate the possible range of two-end-member mixing scenario (see
Supplementary Methods).





