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Figure 8. One-axis discriminant function diagrams for the subdivision of Active (A) and Passive (P) margins for 4 selected samples from
the Sakarya Zone, NW Turkey (Sengiin and Koralay, 2019) and their stability against laboratory analytical uncertainties (Verma et al.,
2018, 2019) from Monte Carlo simulations: a) two active margin samples evaluated under the 99% uncertainty model; b) two passive

margin samples evaluated under the 99% uncertainty model.

TS9; Tables 1 and 2), 6 represented an active margin
and 8 showed a passive margin. The inferred tectonic
setting based on the APMdisc program of this study is
generally consistent with the conclusions derived by the
original authors. It is also noted that a few authors used
the discrimination diagrams of Roser and Korsch (1986),
Bhatia (1983), and Bhatia and Crook (1986) to infer the
tectonic setting of the study areas. Also, for 6 case studies
the original authors did not discuss the tectonic setting.
For these cases, we compared the results of this study with
the general geology of the study areas and identified that
the inferred tectonic settings are consistent with other
evidence.

Similarly, the application studies (A1-All; Table
3) indicated a passive margin for the Pavon Formation
(Argentina), Scotia Basin (Canada), Oleti Basin (Spain),
and Sakarya Zone (Turkey) and an active margin for the
Baixo Alentejo Flysch Group (Portugal), eastern Pontides
(Turkey), Middle Siwalik (Himalayas), Altai-Mongolian
Terrane (Russia-Mongolia), Yangtze Block (China),
Karaginski Island (Kamchatka), and Beach-Brighton Block
(New Zealand). The results are generally consistent with
the original authors as well as with the general geology of
the study areas. The newly developed robustness module
showed high robustness of field centroids against field
changes and laboratory uncertainties. The effect of total
uncertainty in the compositional data analysis and related
multidimensional inferences was also well documented
and showed that caution is required with samples plotting
close to the tectonic field boundaries. Hence, based on the
results obtained for the case and application studies and
robustness examples, we confirm the correct functioning
of the APMdisc program for the tectonic discrimination of
Neoproterozoic to Holocene siliciclastic sediments/rocks.

6. Conclusions

A new online program, APMdisc, is presented to
efficiently discriminate siliciclastic sediments from active
and passive margin settings through the application of
two multidimensional discrimination diagrams. In most
test case studies, the results were satisfactory, because
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the expected tectonic setting was indicated by respective
diagrams. For both schemes, based on major element (M)
and combined major and trace elements (MT), the total
probability values for the correct tectonic setting showed
high average probability values in the range between
0.777 and 0.993. The application studies also showed high
percent success (between 69% and 100%), except one case
with low success of 56%, for the inferred tectonic margins.
The new APMdisc program is available to all potential
users for free, which can be used online at our web portal,
http://tlaloc.ier.unam.mx.

We can conclude that independently of the type of
transformation used, implementation of the multivariate
technique of linear discriminant analysis (LDA) provides
the same results of individual probabilities, sample counts,
and percent success. The Robustness module would enable
the users to evaluate their own samples for stability against
field changes and laboratory uncertainties.
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Table AI-1. Adjustment of major elements used for computing the isometric log-ratio (ilr) or modified log-ratio (mlr)

transformations.
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Appendix I

Function Equation for adjustment
Fe conversion ¢ 159.6882
equation: Fe,05" = Fe,05 +|Fe0 x (2 x 71.8444)

SiOA 100 X Si0,

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K,0 + P,0s]
TIO.A 100 x Ti0,

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K;0 + P,0s]
ALOA 100 x Al,04

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K;0 + P,0s]
Fe,04A 100 X Fe,05*

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K;0 + P,0s]
MiOA 100 x MnO

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K,0 + P,0s]
MgOA 100 x MgO

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K,0 + P,0s]
CaOA 100 x Ca0

[SiO, + TiO, + Al,05 + Fe,05t + MnO + MgO + Ca0 + Na,0 + K,0 + P,05]
Na;OA 100 x Na,0

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K,0 + P,0s]
K,0A 100 X K,0

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K,0 + P,0s]
P,OA 100 x P,05

[Si0, + Ti0, + Al,05 + Fe, 05" + MnO + MgO + Ca0 + Na,0 + K,0 + P,0s]
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Table AI-2. Isometric log-ratio (ilr) transformation equations for major elements (the function In represents natural logarithm; the final letter
A after chemical symbols refers to the adjusted concentrations on an anhydrous basis to 100% with total Fe as Fe,Os'; see Table Al-1 for the
adjustment equations).

Isometric | Equation for transformation

log-ratio

ilrlim \E X In{Si0,A/Ti0,A}

ilr2am \/g X ln{[i/m] /AL, 0,4}

ilt3Fem \E x In{[3/(Si0,A x Ti0,A x Al,054)|/Fe,05° A}

ilrdyiam \/g x In{ >"J(5i02A X Ti0,A X Al,05A X Fe,05"A)| /Mn0A}

ilrSygm \E x In{ >5J(5i02A X Ti0,A X Al,03A X Fe, 05" x MnOA)] /MgOA}

ilr6cam \/é x In{ -SJ(SL'OZA X Ti0,A X Al,03A X Fe,05" x MnOA x MgOA)] /Ca0A}

ilr7nam \/z x In{ 7’\](51’02/1 X Ti0,A X Al,03A X Fe, 05" A x MnOA x MgOA x CaOA)] /Na,0}

ilr8km \E x In{ f](SiOZA X Ti0,A X Al,03A X Fe,05"A x MnOA x MgOA x Ca0A x NaZOA)] /K,04}
ilr9pm \/150 X ln{[g\[(SiOzA X Ti0,A X Al,034 X Fe,03"A X MnOA X MgOA X CaOA x Na,0A X KZOA)] /P,05A}
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Table AI-3. Modified log-ratio (mlr) transformation equations for major elements (the function In represents natural logarithm; the final letter A after
chemical symbols refers to the adjusted concentrations on an anhydrous basis to 100% with total Fe as Fe;O3').

Modified | Equation for transformation
log-ratio

mirTiv \E x In{ m\/(SiOZA X Ti0,A X Al,03A X Fe,05°A x MnOA x MgOA X Ca0A X Na,0A x K,0A x P,05A)|/Ti0,A}

ml2am \E x In{ 10\/(51‘0214 X Ti0,A X AL,03A X Fe,05°A x MnOA x MgOA x Ca0A x Na,0A X K,04 x P,054) |/Al,04}

mlt3pen \E x In{ “’\/(SiOZA X Ti0,A X AL,03A X Fe,05°A x MnOA x MgOA x Ca0A x Na,0A x K,0A x P,05A) |/Fe, 054}

mlrdyng \/é x In{ w\/(SiOzA X Ti0,A X Al,03A X Fe,05°A x MnOA x MgOA x Ca0A x Na,0A x K,0A x P,05A)|/MnOA}

mirSngy \E x In{ ID\/(SiOZA X Ti0,A X Al,034 X Fe,05°A x MnOA x MgOA x Ca0A x Na,0A x K,04 x P,05A)|/Mg04}

mlr6ea \/é x In{ “’\/(SiOZA X Ti0,A X Al,03A X Fe,05°A x MnOA x MgOA x Ca0A x Na,0A x K,04 x P,054)|/Ca04}

Mt 7nan \E x In{ m\/(SiOZA X Ti0,A X Al,03A X Fe,05'A x MnOA x MgOA x CaOA x Na,04 x K,04 x P,054)|/Na,04}

mlr \/g x In{ m\/(SiOZA X Ti0yA X Al,03A X Fe,05°A X MnOA x MgOA x CaOA X Na,0A X K,0A x P,05A)|/K,04}

mlr9pym \/% x ln{[mJ(SiOZA X Ti0yA X Al,03A X Fe,05°A x MnOA x MgOA x Ca0A X Na,0A X K,0A x P,05A)|/P,05A}
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Table Al-4. Adjustment of major and trace elements used for computing the isometric log-ratio (ilr) or modified log-ratio (mlr)

transformations.
Function Equation for adjustment
e Fe,0;' = Fe,0; + |FeO x 159.6882
conversion €Uz = FeUs [ e (2 X 71.8444)
equation

SiO,Amr 100 x Si0,

[SiOz +Ti0, + ALyO; + Fe, 05t + MnO + Mg0 + Ca0 + Na,0 + K,0 + P,05 + Cr+ Nb +11\(/)LO-(|)-0V+Y+ZT'
TiO2AmT 100 x TiO,

. . ¢ Cr+Nb+Ni+V+Y+2Zr

[SlOZ‘I'TlOZ +Al203+F€203 +Mn0+MgO+Ca0+Na20+K20+P205+ 10000
A A Cr+Nb+Ni+V+Y+2Z

[SlOZ‘I'TlOZ +Al203+F6203t+Mn0+MgO+CaO+Na20+K20+P205+ r 10L000 r
F62031AMT 100 x F6203t '

[SiOz +Ti0y + AlyO; + Fe, 05t + MnO + Mg0 + Ca0 + Na,0 + K,0 + P,05 + Cr+ Nb +11\(/)LO-(|)-0V+Y+ZT'
MnOAmT 100 X MnO

[SiOz +Ti0, + AlyO; + Fe, 05t + MnO + Mg0 + Ca0 + Na,0 + K,0 + P,05 + Cr+ Nb +11\(/)LO-(|)-0V+Y+ZT'
MgOAMT 100 x MgO

[5:0, + Ti0, + Al,05 + Fe,05* + MnO + MgO + Ca0 + Na,0 + K,0 + P05 + Cr + Nb UL £ s
CaOAmT 100 X CaO

[SiOz +Ti0y + ALyO; + Fe, 05t + MnO + Mg0 + Ca0 + Na,0 + K,0 + P,05 + Cr+ Nb +11\(/)LO-(|)-0V+Y+ZT'
Na,OAmT 100 x Na20

[SiOz +Ti0, + ALyO; + Fe, 05t + MnO + Mg0 + Ca0 + Na,0 + K,0 + P,05 + Cr+ Nb +11\(/)LO-(|)-0V+Y+ZT'
KyOAMT 100 x K20

. . ¢ Cr+Nb+Ni+V+Y+7Zr

SlOz'i‘TlOz +A1203+F6203 +MTLO+MgO+Ca0+Na20+K20 +P205+ 10000
PZOSAMT 100 x P205

[SiOz +Ti0, + AlyO; + Fe, 05t + MnO + Mg0 + Ca0 + Na,0 + K,0 + P,05 + Cr+ Nb +11\(/)LO-(|)-0V+Y+ZT'
CrAwmr 100 x CT/lOOOO

[5:0, + Ti0, + AL,05 + Fe,05* + MnO + Mg + Ca0 + Na,0 + K,0 + P05 + Cr + Nb UL £ s
NbAwr 100 x Nb/10000

[SiOz +Ti0, + AlyO; + Fe, 05t + MnO + Mg0 + Ca0 + Na,0 + K,0 + P,05 + Cr+ Nb +11\(/)LO-(|)-0V+Y+ZT'
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Table AI-4. (Continued).

NiA 100 x Ni/10000
MT f
Cr+Nb+Ni+V+Y+Zr
[SiOZ + Ti0, + Al,05 + Fe, 03 + MnO + MgO + Ca0 + Na,0 + K,0 + P,05 + 10000
VA 100 x V' /10000
MT _
Cr+Nb+Ni+V+Y+Zr
[SiOZ + Ti0, + Al,05 + Fe, 03 + MnO + MgO + Ca0 + Na,0 + K,0 + P,05 + 10000
YA 100 x Y/10000
MT f
Cr+Nb+Ni+V+Y+Zr
[SiOZ + Ti0, + Al,05 + Fe, 05 + MnO + MgO + Ca0 + Na,0 + K,0 + P,05 + 10000
ZiA 100 x Zr /10000
MT _
Cr+Nb+Ni+V+Y+Zr
[SiOZ + Ti0, + Al,05 + Fe, 03 + MnO + MgO + Ca0 + Na,0 + K,0 + P,05 + 10000
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Table AI-5. Isometric log-ratio (ilr) transformation equations for major and trace elements (the function In represents natural logarithm; the final letter A after
chemical symbols refers to the adjusted concentrations on an anhydrous basis to 100% with total Fe as Fe2Os'; see Table Al-4 for the adjustment equations).

Isometric Equation for transformation

log-ratio

ilr I rimr \E x In{Si0,A/Ti0,A}

ile2amr \E x ln{[i/(SiozA x TiOZA)] /AL0,A}

ilt3Femt \E x In{[3/(Si0,A X Ti0,A x Al,0;A)|/Fe,05' A}

ilrdmamr \E x In{ ‘:/(SiozA x Ti0,A x Al,0;3A X Fezo;A)] /MnOA}

ilrSmgmr \E x In{ SJ(SiOZA X Ti0,A X Al,05A4 X Fe, 05t x MnOA)] /MgOA}

ilr6camr \/é x In{ s\/(SiOZA X Ti0,A X Al,054 X Fe,05° x MnOA x MgOA)] /Ca0A}

ilr7NavT \/Z x In{ i/(SiOZA X Ti0,A X Al,0;A4 X Fe,0,"A x MnOA x MgOA x CaOA)] /Na,0}

ilr8kmr \E x In{ ”J(SiozA X Ti0,A X Al,0;4 X Fe,0,°A x MnOA x MgOA x Ca0A x NaZOA)]/KZOA}

ilr9pur \/% x In{ g\/(SiOZA X Ti0,A x Al,0;A X Fe,0;"A x MnOA x MgOA x CaOA x Na,0A x KZOA)] /P,05A}

ilr10crmr 10 10/, . t
=xinf|" [ (Si0,4 X Ti0,A x Al,03A X Fe,05°A x MnOA x MgOA x CaOA x Nay04 X K,04 X P,054)|/CrA}

ilrl Inomr 11 11, . . t
Sxinf|” [(Si0,A X Ti0,A x Al,05A X Fe,05°A x MnOA x MgOA x CaOA x Naz0A X K,04 X P,0sA x CrA)|/NbA}

ilr12nimt 12 12, . i t i
=xinf|” [ (Si0,A X Ti0,A x Al,05A X Fe,05°A X MnOA x MgOA x CaOA X Na,0A X K,04 x P,05A x CrA x NbA)|/NiA}

ilr]3VM’]‘ 13 13 . . t .
=xinf|" | (Si0,A X Ti0,A x Al,05A X Fe,05°A x MnOA x MgOA x CaOA x Na,0A X K,04 X P,0sA X CrA x NbA x Nid)|/VA}

ilrl4YMT 14 14 . . t .
X Inf| " (Si0,A X Ti0,A x Al,05A4 X Fe,05°A x MnOA x MgOA x Ca0A x Nay0A x K04 X P,0sA x CrA x NbA x NiA x VA)|/YA}

ilrl Szemr 15

16

ln{[ls\/(SiOzA X Ti0,A X Al,03A X Fe,05,°A X MnOA x MgOA x CaOA x Na,04A X K,0A X P,05A X CrA x NbA x NiA X VA x YA)]/ZrA}
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Table AI-6. Modified log-ratio (mlr) transformation equations for major and trace elements (the function In represents natural
logarithm; the final letter A after chemical symbols refers to the adjusted concentrations on an anhydrous basis to 100% with
total Fe as Fe20s'; see Table Al-4 for the adjustment equations).

Isometric Equation for transformation
log-ratio

mirlrivr \/% x In{(numerator) /Ti0,A}

mlr2amr \/g X ln{(numerator)//llz 03A}

mir3rar \E x In{(numerator)/Fe,03" 4}

mirdyr \/é X In{(numerator)/MnOA}

mlrSpgmr \/% X In{(numerator)/MgOA;

mlr6cavr \/é X ln{(numerator)/CaOA}

mlr7Namr \g X In{(numerator)/Na,0}

mlr8kmr \E X ln{(numerator)/Kz 04}

mlr9pmr \/% X ln{(numerator)/Pz 054}

mlr10crvr 10

’E X In{(numerator)/CrAy
mlrl Inomr 11

/ 5 X In{(numerator)/NbA}
mlrl2nimr 12

/ 5 X In{(numerator)/NiA}
mlrl3vmr 13

/ P7Re In{(numerator) /VA;
Mlrl4ymr 14

/E X In{(numerator) /YA
mlrl5zmr 15

e X In{(numerator)/ZrAy}
where the numerator has to be calculated from the following equation:

Numerator =

15\/(Si02A X Ti0,4 X Al,05A X Fe;0;°A x MnOA x MgOA x Ca0A X Na,0A x K,0A x P,0sA X CrA x NbA x Nid x VA X YA x ZrA)
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Table AI-7. Wilk’s lambda and F-tests for isometric log-ratio (ilr)
transformed major element variables for the two groups (active

and passive margins).

Transformed | Wilk's F statistic P-value
variable lambda

irl, 0.568651 168.7995 0.000000
2, 0.587940 | 284.2902 0.000000
ilr3,,,, 0.542726 13.5703 0.000234
ilr4,,_, 0.549708 55.3753 0.000000
ilrSM 0.540508 0.2889 0.590941

M

ilr6,, 0.647635 641.7131 0.000000
7, 0.564019 141.0605 0.000000
ilrSKM 0.591124 303.3519 0.000000
ilr9PM 0.542604 12.8385 0.000345

Table AI-8. Wilk’s lambda and F-tests for isometric log-ratio (ilr)
transformed major element variables for the two groups (active

and passive margins).

ZrMT

Transformed | Wilks F statistic P-value
variable lambda

il 0.411171 30.6168 0.000000
2, 0.421044 50.3931 0.000000
i3, . 0.397263 2.7578 0.097176
ilrd,, . 0.407843 23.9510 0.000001
ilr5, 0.420889 50.0821 0.000000
ilr6,,,, 0.412329 32.9368 0.000000
7, . 0.412692 33.6637 0.000000
ilr8,.,,, 0.396411 1.0502 0.305781
ilr9, . 0.399404 7.0457 0.008105
ilr10,,,,. 0.396021 0.2700 0.603486
i1l 0.460669 129.7662 0.000000
ilr12,. 0.408095 24.4550 0.000001
ilr13VMT 0.396721 1.6720 0.196367
ilr14YMT 0.420769 49.8426 0.000000
ilr15 0.404406 17.0663 0.000040
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Appendix IT

= Passive (Major) (A-P) boundary o Active (Major)
(83.8%) (87.2%)

DF a-p

Figure AII-1. One-axis discriminant function DF, o diagram for the subdivision of active (A) and passive (P) margins based on
isometric (i) log-ratio transformation of major elements (M). The percent success values obtained for the discrimination system based
on major element.

= Active (Major+Trace) A-P o Passive (Major+Trace)
(97.0%) ( )boundary (85.7%)
Camt
i | R S e o |
-6 -5 -4 -3 -2 -1 0 1 2 3 4 5

DF (a-pymt
Figure AII-2. One-axis discriminant function DF, ot diagram for the subdivision of active (A) and passive (P) margins based on
isometric (i) log-ratio transformation of system based on combined major and trace elements (MT). The percent success values obtained

for the discrimination system based on combined major and trace elements.
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Figure AII-3. One-axis discriminant function DF, oy diagram for the subdivision of active (A) and passive (P) margins (Table AI-8)
based on isometric (i) log-ratio transformation of system based major elements (M), shows the case studies T1-T5, from a) Tada et al.
(2000); b) Lee et al. (2004); c) Imasuen et al. (1989); d) Paul (2001); e) Ishiga et al. (2000).
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Figure AII-4. One-axis discriminant function DF, s oyt diagram for the subdivision of active (A) and passive (P) margins (Table AI-8)
based on isometric (i) log-ratio transformation of system based on combined major and trace elements (MT), shows case studies T1-T5,
from a) Tada et al. (2000); b) Lee et al. (2004); c) Imasuen et al. (1989); d) Paul (2001); e) Ishiga et al. (2000).

578



