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Abstract: We evaluated 55 multidimensional diagrams proposed during 2004-2013 for the tectonic discrimination of
ultrabasic, basic, intermediate, and acid magmas. The Miocene to Recent rock samples for testing the diagrams had not
been used for constructing them. Eighteen test studies (2 from ocean island; 2 from ocean island/continental rift; 6 from
continental rift; 4 from continental arc; 2 from island arc; 1 from mid-ocean ridge, and 1 from collision) of relatively
fresh rocks fully confirmed the satisfactory functioning of these diagrams for all tectonic fields for which they were
proposed. Eight additional case studies on hydrothermally altered or moderately to highly weathered rocks were also
presented to achieve further understanding of the functioning of these diagrams. For these rocks as well, the diagrams
indicated the expected tectonic setting. We also show that for testing or using these diagrams the freely-available
geochemistry databases should be used with caution but certainly after ascertaining the correct magma types to select
the appropriate diagram sets. The results encourage us to recommend these diagrams for deciphering the tectonic setting
of older terranes or areas with complex or transitional tectonic settings.
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Introduction

The idea of trying to chemically fingerprint magmas from
different tectonic settings is probably best attributed to the
pioneer work of Pearce & Cann (1971, 1973). In these pa-
pers, the authors identified differences in the geochemical
signature of rocks from volcanic arc, ocean floor, and within-
plate settings. Since then, numerous bivariate (x-y-type; e.g.
Pearce & Gale 1977; Pearce & Norry 1979; Pearce 1982;
Shervais 1982), ternary (e.g. Pearce et al. 1977; Wood 1980;
Mullen 1983; Meschede 1986; Cabanis & Lecolle 1989),
and old multivariate tectonomagmatic discrimination dia-
grams (Pearce 1976; Butler & Woronow 1986), as well as 20
new multidimensional diagrams (Agrawal et al. 2004, 2008;
Verma et al. 2006; Verma & Agrawal 2011) have appeared
in the literature for basic and ultrabasic igneous rocks (with
(510,),4j<52 %; where the subscript ,y; refers to the adjusted
data on an anhydrous 100 % adjusted basis; Le Bas et al.
1986; Verma et al. 2002). The diagrams of the older bivariate
or ternary types for the tectonic discrimination of magmas
with higher silica (with (Si0;),4;>52 %) are less numerous
(Bailey 1981; Pearce et al. 1984; Gorton & Schandl 2000)
although, more recently, 35 diagrams have now been pro-
posed (three sets of five diagrams each, i.e., 15 for interme-
diate magmas by Verma & Verma 2013; and four sets of five
diagrams each, i.e., 20 for acid or felsic magmas by Verma et
al. 2012, 2013).

From an extensive database of samples from known tec-
tonic settings, Verma (2010) evaluated most of the tectono-
magmatic discrimination diagrams for basic and ultrabasic
rocks and concluded that only the multidimensional dia-
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grams, particularly the newer ones, worked satisfactorily
with high percent success (Agrawal et al. 2004, 2008; Verma
et al. 2006). Similarly, Verma et al. (2012) evaluated the
highly used Pearce et al. (1984) diagrams for acid or felsic
magmas and found them to perform unsatisfactorily, particu-
larly for the collision setting.

Although most of the older bivariate and ternary diagrams
have already been extensively evaluated, especially by
Verma (2010), this is not the case of the newer multidimen-
sional diagrams, particularly those published after 2010
(Verma & Agrawal 2011; Verma et al. 2012, 2013; Verma &
Verma 2013). It is, therefore, worthwhile to evaluate all 55
such diagrams (Agrawal et al. 2004, 2008; Verma et al.
2006, 2012, 2013; Verma & Agrawal 2011; Verma & Verma
2013) using geochemical data from fresh as well as hydro-
thermally altered or highly weathered rocks from known tec-
tonic settings. The evaluation from fresh rock data will
provide an independent test on the functioning of these dia-
grams. The use of hydrothermally altered or weathered rocks
for such an independent evaluation will likely render these
diagrams appropriate for older terrains. Recently, Pandari-
nath (2014a) showed good functioning of these diagrams for
hydrothermally altered rocks from seven geothermal wells.
We will not present here the application to older terrains
such as Precambrian belts; this has been extensively reported
recently by Verma & Oliveira (2013, 2015), Pandarinath
(2014b), Armstrong (2015), Bora & Kumar (2015), Kaur et
al. (2015), Rahman & Mondal (2015), Srivastava et al.
(2015), and Verma et al. (2015a,b).

This testing exercise is not trivial for at least four reasons:
(1) such an evaluation of the older x-y (where x and y are
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simple concentration or element ratio variables) or ternary
(generally of three concentration variables) types of dia-
grams has shown them to perform unsatisfactorily in both
igneous and sedimentary rock geochemistry (Armstrong-
Altrin & Verma 2005; Verma 2010, 2015a; Verma et al.
2012, 2016; Verma & Armstrong-Altrin 2013, 2016; Arm-
strong, 2015); (2) the evaluation of the newer multidimen-
sional diagrams can provide statistical information on
percent success for the relatively older diagrams (proposed
during 2004-2011) and total percent probability values for
the newer ones (proposed during 2012-2013); and (3) a rou-
tine use of well-known databases, such as GERM,
GEOROC-Mainz, and EGDB-USGS, for testing of our dia-
grams is to be viewed with caution.

Available multidimensional diagrams

These diagrams were proposed from statistical analysis of
a large number of Miocene to Recent igneous rock samples
from known tectonic settings. Thus, for the tectonic discri-
mination of basic and ultrabasic rocks from island arc, conti-
nental rift, ocean island, and mid-ocean ridge settings,
Agrawal et al. (2004, 2008), Verma et al. (2006), and Verma
& Agrawal (2011) used geochemical data for 1159, 1645,
2732, and 1877 samples, respectively, and proposed 5 dia-
grams in each paper. Verma et al. (2012) proposed 5 dia-
grams for the discrimination of four tectonic settings (island
arc, continental arc, combined continental rift and ocean is-
land as within-plate, and collision) from a compilation of
1132 acid rock samples. Similarly, for the proposal of the 15
diagrams each, Verma et al. (2013) and Verma & Verma
(2013) employed compositional data for 3056 acid and 3664
intermediate rock samples, respectively, from island arc,
continental arc, continental rift, ocean island, and collision
tectonic settings.

The diagrams require prior calculations of complex dis-
criminant functions DF1-DF2, whose equations were pre-
sented by the respective original authors (Agrawal et al.
2004, 2008; Verma et al. 2006, 2012, 2013; Verma &
Agrawal 2011; Verma & Verma 2013). All these equations
were also summarized recently by Verma et al. (2015b),
which are reproduced here for easy reference as Tables S1-
S11 in the Supplementary Material file* (Table S1 for five
diagrams of Agrawal et al. 2004; Table S2 for five diagrams
of Verma et al. 2006; Table S3 for five diagrams of Agrawal
et al. 2008; Table S4 for five diagrams of Verma & Agrawal
2011; Tables S5-S7 for 15 diagrams of Verma & Verma
2013; Table S8 for five diagrams of Verma et al. 2012; and
Tables S9-S11 for 15 diagrams of Verma et al. 2013). The
computer program SINCLAS (Verma et al. 2002) or [gRoCS
(Verma & Rivera-Gomez 2013a) can be used for obtaining
the adjusted data referred to in these equations (see the sub-
script ,q5) and deciding the magma types (basic, ultrabasic,
intermediate, and acid; Le Bas et al. 1986).

We also note that these different sets of diagrams are inde-
pendent of each other although they require complete
datasets for all elements in the respective DF1-DF2 func-
tions. For example, the major element based diagrams would
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require that concentrations of all major elements be available
in a given sample; if an element is missing from the data, the
set of major-element diagrams cannot be used. Unfortunately,
sometimes only major elements are available from a particu-
lar area, so the inference can be drawn only from one set of
diagrams. Thus, any set of diagrams can be used indepen-
dently of the other sets.

Database and procedures

The geochemical data were compiled for 1034 samples of
Miocene to Holocene relatively fresh as well as hydrother-
mally altered or weathered igneous rocks from different areas
of known, uncontroversial tectonic settings from all over the
world (Fig. S1 in the Supplementary Material file; compiled
references are in Tables S12 and S13). A synthesis of this
compilation for 18 test studies (1 to 18) from fresh rocks is
presented in Table S12 and for hydrothermally altered or
weathered rocks for 8 application studies (A1l to AS8) is pro-
vided in Table S13. The cases are arranged according to the
expected tectonic setting. The original authors’ descriptions
of alteration were used to group the samples in application
studies as fresh and altered rocks; more details are provided
in the relevant sections.

The geochemical data were also examined for the Tonga
arc compiled in a freely-available geochemistry database
GEOROC-Mainz, which enabled us to show the need for
caution in the indiscriminate use of such databases.

We will describe in detail the first Test study under the
general heading of “Ocean Island tectonic setting”. This
(Test study 1) is for the region of the Hawaiian Islands, in
which four sub-regions (la-1d) are separately considered be-
cause we wanted to show that these diagrams can be applied
and tested with individual datasets. Obviously, if the main
objective was to decipher the tectonic setting of a given area
or region, all pertinent rock data or evidence should be used.
This obviously includes the geological reconstruction of ter-
ranes. The approximate coordinates (longitude and latitude)
of sample locations are then presented in two columns. The
next columns present a subdivision of the compiled samples
in terms of basic (B)+ultrabasic (U), intermediate (I), and
acid (A) magmas, which allowed the application of appro-
priate sets of discrimination diagrams (Agrawal et al. 2004,
2008; Verma et al. 2006; Verma & Agrawal 2011 — all
these four papers for basic and ultrabasic magmas; Verma &
Verma 2013 — for intermediate magmas; and Verma et al.
2012, 2013 — for acid magmas). Thus, for the Mauna Kea
area (Test study la), complete data were available for 303
basic and 3 ultrabasic rock samples only; no sample proved
to be of intermediate or acid magma. Therefore, only dia-
grams for basic and ultrabasic rocks can be applied and that
too for major element based (symbol m1 for Agrawal et al.
2004 and m2 for Verma et al. 2006) and immobile trace ele-
ment based (symbol t2 for Verma and Agrawal 2011) dia-
grams; complete data were not available for the other
immobile element based diagram set (t1 for Agrawal et al.
2008). Note the table is or tables are also defined where the
results of the discrimination diagrams are presented (in this

* Supplementary Material (Tables S1-S54 and Figs. S1-S52) only in an
electronical version on www.geologicacarpathica.com
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case, Table 1). The next columns show the approximate ages
in Ma (or geological epoch or period) and rock types as-
signed by the original authors (in this case, 0.1-0.4 Ma). The
next column synthesizes the tectonic setting indicated by the
diagrams (in this case, OIB). The final column lists the refe-
rences from which the data were compiled (in this case,
Rhodes & Vollinger 2004; Rhodes 2012).

For a correct application of the tectonomagmatic discrimi-
nation diagrams, the IgRoCS program (Verma & Rivera-
Gomez 2013a) was used to obtain the magma types as basic
or ultrabasic, intermediate, and acid, following the recom-
mendations of the IUGS (Le Bas et al. 1986; Le Bas &
Streckeisen 1991; Le Maitre et al. 2002). It is important to
strictly follow the procedure used by the original authors of
the diagrams, for example, note the subscript adj in nume-
rous equations listed in Tables S1-S11. These magma names
could as well be mafic or ultramafic, intermediate, and felsic,
respectively, but because we are using the chemical criterion
of adjusted SiO, for this distinction and not the contents of
Mg, Fe, and Si, we continue to use the nomenclature of the
IUGS. Depending on the magma types, appropriate sets of
diagrams were used to test if they provided the expected re-
sults of the tectonic setting.

To infer the tectonic setting for basic and ultrabasic mag-
mas, we used the software TecD (Verma & Rivera-Gomez
2013b), which allows the application of the diagrams by

Agrawal et al. (2004, 2008), Verma et al. (2006), and Verma
& Agrawal (2011). The four tectonic settings that can be dis-
criminated from the diagrams contained in this software are
as follows: IAB (island arc basic rocks), CRB (continental
rift basic rocks), OIB (ocean-island basic rocks), and MORB
(mid-ocean ridge basic rocks). TecD automatically counts
the samples that plot in a given tectonic setting and provides
a synthesis of the counting results of all five diagrams of
a given set, both as the number of samples as well as the cor-
responding percentage values (called percent success for the
expected or inferred tectonic setting). Because a given tec-
tonic setting will be missing from one of the five diagrams in
any set, the total percentage for any of the four settings will
never be 100 %; it will be around 80 % as a maximum value.
Further, because of this automatic procedure programmed in
TecD, it is not necessary to actually plot the samples in
diagrams. Nevertheless, following the suggestion of reviewers
we provided the corresponding diagrams for almost all stud-
ies, so one can better understand the functioning of TecD.
Another program TecDIA (Verma et al. 2015¢) was used
for the application of all diagrams for intermediate (Verma
& Verma 2013) and acid magmas (Verma et al. 2012, 2013).
TecDIA also computes the probabilities of samples for the
different tectonic settings and provides a synthesis of these
probability values. The tectonic settings that can be discrimi-
nated from the diagrams for intermediate and acid magmas

Table 1: Testing of multidimensional diagrams from Quaternary (0.1-0.4 Ma) basic and ultrabasic rocks of Mauna Kea, Hawaii (Rhodes

and Vollinger, 2004; Rhodes et al. 2012; Test study 1a).

Total no. of

Figure reference; figure type Discrimination diagram

Predicted tectonic affinity and number of discriminated samples (%)

samples (%) IAB CRB+0IB CRB (o]]] MORB
IAB-CRB-OIB-MORB __ 306 (100) 00 00 306 (100) 00
Agrawal et al. (2004); adjusted IAB-CRB-OIB 306 (100) 0(0) 0(0) 306 (100)
maior element concentration IAB-CRB-MORB 306 (100) 0(0) - 217 (70.9) - 89 (29.1)
3 1ons IAB-OIB-MORB 306 (100) 0(0) 306 (100) 0(0)
CRB-0OIB-MORB 306 (100) - - 0(0) 306 (100) 0(0)
Test study 1a. Synthesis of all five diagrams of Agrawal 1530 (100) 0(0) - 217 (14.2) 1224 (80.0) 89 (5.8)
et al. (2004)
IAB-CRB-OIB-MORB 306 (100) 0(0) - 4(13) 300 (98) 2(0.7)
Verma et al. (2006); log-ratios of IAB-CRB-0IB 306 (100) 0(0) - 0(0) 306 (100) -
ior dement IAB-CRB-MORB 306 (100) 0(0) 36 (11.8) 270 (88.2)
3 S IAB-OIB-MORB 306 (100) 0(0) 306 (100) 0(0)
CRB-OIB-MORB 306 (100) 0(0) 306 (100) 0(0)
Iz%%esguciy la. Synthesis of all five diagrams of Verma et al. 1530 (100) 0(0) — 40 (2.6) 1218 (79.6) 272 (17.8)
|IAB-CRB+0IB-MORB 306 (100) 2(0.7) 303 (99) - - 1(0.3)
Vermaand Agrawal (2011);log- | AB.CRB-OIB 306 (100) 3() 1(03) 302 (98.7)
ratios of immobile major and IAB-CRB-MORB 306 (100) 2(0.7) 303 (99) 1(0.3)
trace dlements IAB-OIB-MORB 306(100)  2(0.7) 303 (99) 1(03)
CRB-0OIB-MORB 306 (100) - - 1(0.3) 303 (99) 2(0.7)
Test study 1a. Synthesis of all five diagrams of Verma 1530 (100) 9(0.6) 303 (---) 381 (24.9) 1135 (74.2) 5(0.3)

and Agrawal (2011)

IAB- island (or continental) arc basic rock; CRB- continental rift basic rock; OIB- ocean island basic rock; MORB- mid-ocean ridge basic rock;
CRB+OIB- combined continental rift and ocean isand, i.e., within-plate (WP) basic rocks; 1A, CR,, Ol, and MOR will be the corresponding tectonic
settings; --- means no samples; the numbers within the parentheses refer to the percent values for the corresponding number of samples; note, for the
calculations of percent synthesis values, the samples plotting in the combined CR+OlI field (CRB+OIB column) are proportionately distributed

between the CR and Ol settings.
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are as follows: IA (island arc), CA (continental Arc), CR
(continental rift) and OI (Ocean Island) together as within-
plate, and Col (collision). As for TecD, TecDIA also pro-
vides a complete synthesis of the results of all five diagrams
in a given set. In fact, TecDIA additionally gives a synthesis
of the probability estimates for each tectonic setting in all dia-
grams as well as the overall percent probability estimates of
each diagram set. Therefore, actual plotting of samples in
any diagram is really not required. Nevertheless, we also
present one example of all diagram types for intermediate
and acid magmas (Verma & Verma 2013; Verma et al.
2012, 2013).

Results and discussion

The results of the evaluation are presented in two subsec-
tions. The first part corresponds to relatively fresh rocks
from known tectonic settings, whereas the second part shows
the results for hydrothermally altered and weathered rocks.
A lower limit of five samples with complete data for a given
diagram set was arbitrarily established for using them for
testing or application purposes. Similarly, results are also
presented even if the data were available for only one or two
sets of diagrams because the evaluation is independently
achieved for all diagram sets.

Testing of the diagrams from “fresh” volcanic rocks of
ocean island tectonic settings

The first test study of the Hawaiian Islands will be de-
scribed in greater detail. All other studies will simply be
mentioned with the statistical information in order to keep
the paper short and avoid excessive repetition.

Test study 1a: Mauna Kea

For the Mauna Kea area, 303 samples of basic and 3 ultra-
basic rocks (Table S12; Rhodes and Vollinger 2004; Rhodes
2012) had complete dataset for major-element based dia-
grams of Agrawal et al. (2004) and Verma et al. (2006) and
for only one set of immobile trace element based diagrams
(Verma & Agrawal 2011). No samples had complete data for
the other set of immobile trace element based diagrams
(Agrawal et al. 2008), which could not be used. Similarly,
none of the diagrams for intermediate and acid rocks (Verma
& Verma 2013; Verma et al. 2012, 2013) could be used for
this case because no samples proved to be of these types
(missing data shown by — in the “I” and “A” columns in
Table S12).

Thus, three sets of diagrams (Agrawal et al. 2004; Verma
et al. 2006; Verma & Agrawal 2011) could be tested from
the Mauna Kea data; and the results are shown in Table 1.
The actual diagrams of Agrawal et al. (2004) for the Mauna
Kea samples do not really need to be shown for three rea-
sons: (i) these diagrams are based on only major element
concentrations and not on log-ratios; (ii) TecD provides
complete summary of all the plots (the first part of Table 1);
and (iii) we wanted to conserve journal space by presenting
only one set of diagrams based on log-ratios (Fig. 1) in the
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main part of the paper. Nevertheless, for the sake of com-
pleteness and considering that most readers of the journal
would like to see the diagrams along with the synthesis in ta-
bles, we have added these diagrams (Figs. S2 and S3 for this
case study as well as in other figures for other case studies)
in the Supplementary file.

In the first set of five diagrams (Fig. S2), all Mauna Kea
samples plotted in the OIB fields in four of the five diagrams
in which this setting is present. In the diagram (IAB-CRB-
MORB) from which OIB is absent, the samples will plot in
any other fields; in this case, most of them plotted in the
CRB field, followed by the MORB field (Table 1). The syn-
thesis of all diagrams is then presented in Table 1, which
shows that the overall percent success for the OIB setting is
80.0 % being the maximum value for such a synthesis pro-
vided by TecD. Therefore, these diagrams clearly showed
the expected OIB setting for the Mauna Kea samples.

In the other set of diagrams based on log-ratios of major
elements (Verma et al. 2006), the Mauna Kea samples are
actually plotted in Fig. la-e (DF1-DF2 equations from
Table S2 were used for the calculations of the x and y coor-
dinates in each diagram) and the results from TecD are also
summarized in Table 1. In the first diagram (Fig. la), 300
(out of 306) samples plotted in the OIB field, whereas in the
other three diagrams (Fig. 1b,d,e) all samples plotted in the
OIB field. In the diagram from which the OIB field is missing
(Fig. 1c), the samples plotted in the MORB and CRB fields.
The overall synthesis of all five diagrams of Verma et al.
(2006) also showed a clear result of the OIB tectonic setting
with the percent success of 79.6 % (Table 1), very close to
the maximum value of 80 %.

Finally, the set of diagrams based on log-ratios of immo-
bile elements (Verma & Agrawal 2011) also showed an OIB
setting for the Mauna Kea samples with the percent success
of about 74.2 % (Fig. S3; Table 1). In this diagram set, the
first diagram has a combined CRB+OIB setting, only three
diagrams have an OIB setting, and from one diagram this
setting is totally missing. Therefore, the percent success for
the OIB can seldom reach the maximum value of 80 %.

Thus, a satisfactory functioning of all three diagram sets
for the OIB setting was confirmed from the Mauna Kea data
(Test study 1a).

Test study 1b: Mauna Loa

Forty-five (43 basic and 2 ultrabasic) samples from Mauna
Loa (Table S12; Rhodes & Vollinger 2004) allowed the tes-
ting of three sets of diagrams. Most of the samples plotted in
the OIB field in the three sets for major elements (two sets
for basic rocks as Figs. S4 and S5 and one set for acid rocks
as Fig. S6; percent success amounting to about 75-76 %;
Table S14), thus confirming the good functioning of all three
sets of diagrams for the OIB setting.

Test study 1c: Maui Island

Only 10 basic rock samples available from the Maui Island
(Table S12; Sherrod et al. 2007) allowed the testing of three
sets of diagrams. Most of the samples plotted in the OIB
field in the three sets (overall percent success of about
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Fig. 1. Application of the set of five major element-based discrimi-
nant-function DF1-DF2 discrimination diagrams (see the subscript
m?2 in all these diagrams; Verma et al. 2006) for basic and ultrabasic
rock samples from Maui (Hawaiian Islands). The total number of
samples and their % success values are given in Table S12 for the
tectonic settings of island arc (IA), continental rift (CR), ocean is-
land (OI), and mid-ocean ridge (MOR). The letter B after the name
of the tectonic field represents basic (and also ultrabasic) magma.
The symbols are shown as an inset in (a). a — four tectonic settings
IA-CR-OI-MOR; b — three tectonic settings IA-CR-OI;
¢ — three tectonic settings IA-CR-MOR; d — three tectonic set-
tings IA-OI-MOR; and e — three tectonic settings CR-OI-MOR.
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62-80 %; Figs. S7-S9; Table S15) and confirmed good
functioning of all three sets of diagrams for the OIB setting.

Test study 1d: Oahu Island

Twenty-four samples from the Oahu Island were used (Ta-
ble S12; Jackson et al. 1999). Nine samples of basic rocks
had complete datasets for Agrawal et al. (2004), Verma et al.
(2006) and Verma and Agrawal (2011). The set of trace ele-
ment based diagram (Agrawal et al. 2008) were not used, be-
cause the samples with complete data were only four (Table
S12) and we had decided to report only the results of at least
five samples. The nine basic rock samples indicated the OIB
setting in the three sets of diagrams with percent success
from 67 % to 78 % (Figs. S10-S12; Table S16).

Complete data for 15 intermediate rock samples were
available for two diagram sets (Verma & Verma 2013). For
both sets, these samples indicated a within-plate (CR+OI)
setting, with about 81 % and 87 % percent probability values
(for explanation of probability estimates, see Verma & Verma
2013), respectively, for the complete major and selected im-
mobile element based diagrams (Figs. S13 and S14;
Table S17). This inference can be considered consistent with
that of the basic rock diagrams, because those for inter-
mediate rocks are incapable of discriminating these two very
similar tectonic settings; the distinction between continental
rift and ocean island settings can only be made at present
from basic and ultrabasic rocks. The testing of the third set is
not reported because only three samples with complete data
were available (Table S12).

Test study 2: Trindade Island

The compiled rocks from the Trindade Island (Table S12;
Marques et al. 1999) included 14 (2 basic and 12 ultrabasic)
samples for testing of three sets of diagrams (Agrawal et al.
2004, 2008; Verma et al. 2006) and 24 intermediate rock
samples for two sets of diagrams (24 for the major element
based and 13 for immobile trace element based diagrams;
Verma & Verma 2013).

The testing of the diagrams for basic and ultrabasic rocks
was satisfactory because most of the 14 samples plotted in
the OIB field, with percent success of 70 %, 70 %, and 62 %,
respectively, for Agrawal et al. (2004), Verma et al. (2000),
and Agrawal et al. (2008) diagrams (Figs. S15-S17; Table
S18). Similarly, the two sets of diagrams for intermediate
rocks (major elements and immobile trace elements) were
also satisfactorily tested for the within-plate setting, with
percent probability values of about 76 % and 80 %, respec-
tively (Figs. S18 and S19; Table S19).

Testing of the diagrams from “fresh” volcanic rocks of
ocean island or continental rift tectonic setting

Test study 3: White Island, Ross Sea, Antarctica

Cooper et al. (2007) suggested that rocks from the White
Island resulted from rift-related decompression melting rather
than the action of a mantle plume earlier suggested by Be-
hrendt et al. (1991, 1992). Therefore, either a CRB or an OIB
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setting could be the expected tectonic setting. We compiled
data for 22 basic rock samples (Table S12), which enabled
us to test all four sets of diagrams for basic and ultrabasic
magmas. In the major element based diagrams all samples
plotted only in the CRB and OIB fields (Figs. S20 and S21;
Table S20). The percent success values for Agrawal et al.
(2004) diagrams were about 44 % and 56 %, respectively,
for the CRB and OIB settings, whereas those for the Verma
et al. (2006) diagrams these were about 48 % and 52 %, respec-
tively (Table S20). The trace element based diagrams of
Agrawal et al. (2008) indicated a CRB setting with percent
success of about 64 %, whereas those of Verma & Agrawal
(2011) indicated an OIB setting with the corresponding per-
cent success of about 68 % (Figs. S22 and S23; Table S20).
Thus, the diagrams indicate either a CRB or an OIB setting
for these rocks. Unfortunately, no clear distinction between
these two very similar tectonic settings was achieved from
these diagram sets. The geological history and crustal thick-
ness of the White Island might resolve this controversy
(Behrendt et al. 1991, 1992; Cooper et al. 2007).

The continental rift and ocean island tectonic settings are
very similar, which makes their discrimination a rather diffi-
cult task. The four sets of multidimensional discrimination
diagrams (Agrawal et al. 2004, 2008; Verma et al. 2006;
Verma & Agrawal 2011) available as geochemical discrimi-
nation diagrams provided mutually inconsistent results.
A combination technique of multidimensional discrimina-
tion and petrogenetic processes yet to be proposed and prac-
ticed might eventually throw further light on this complex
problem because the discrimination diagrams have certain
limitations as discussed recently by Verma et al. (2015b) and
Verma (2015b, 2015¢).

Test study 4: McMurdo area, Antarctica

Drill core basic volcanic glass samples of Miocene age
(15.9-18.4 Ma; Table S12; Nyland et al. 2013) were
recovered from the McMurdo Sound area, Antarctica.
The tectonic setting of the area was not reported by Nyland
et al. (2013), but it may well be either a continental rift or
an ocean island. The basic rock diagrams might help us to
distinguish between them. Fairly complete geochemical
data, including alteration information, for 24 glass samples
were reported by Nyland et al. (2013). Complete data (Table
S12) for 24 samples were thus available for three sets of
diagrams (Agrawal et al. 2004; Verma et al. 2006; Verma &
Agrawal 2011) and data for 20 (out of 24) samples were
complete for the diagrams of Agrawal et al. (2008). The
major element based diagram sets indicated an ocean island
setting, with about 63 % or 64 % percent success (Figs. S24
and S25; Table S21). The immobile trace element based
diagrams of Agrawal et al. (2008) showed percent values of
55 % for the CRB and 45 % for the OIB setting; so they did
not provide a clear answer (Fig. S26; Table S21). The other
immobile element based diagrams (Verma & Agrawal
2011), however, suggested an OIB setting for these glass
samples, with percent success of about 72 % (Fig. S27;
Table S21). Therefore, an OIB setting could be inferred for
the McMurdo Sound area during the Miocene.
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Testing of the diagrams for “fresh” volcanic rocks from
continental rift tectonic setting

Test study 5: Garrotxa, Spain

Geochemical data for 16 samples of Quaternary basic and
ultrabasic rocks from the NE Volcanic Province of Spain
(Garrotxa area) were reported by Cebria et al. (2000). The
use of all four sets of diagrams was possible (Table S12).
These diagrams consistently confirmed a continental rift set-
ting for these samples, with percent success values of 60 %
to 80 % (Figs. S28-S31; Table S22).

Test study 6: Styrian basin, Austria

Geochemical data for 39 (9 basic and 30 ultrabasic) Qua-
ternary rock samples from this area (Table S12; Ali et al.
2013) clearly indicated a continental rift setting in all four
sets of diagrams, with percent success of about 71 % to 80 %
(Figs. S32-S35; Table S23).

Test study 7: Cameroon Mountains, Cameroon

Fourteen samples of basic rocks from the year 1999 and
2000 (recent) eruptions (Table S12; Suh et al. 2003) had
complete data for three sets of diagrams, all of which were
consistent with a continental rift setting, with percent suc-
cess values of 56 % to 74 % (Figs. S36-S38; Table S24).

Test study 8: Nosy Be Archipelago, Madagascar

Melluso & Morra (2000) reported geochemical data for
27 samples of Miocene mafic alkaline rocks from the Nosy
Be Island (Table S12). Three sets of diagrams could be
applied, all of which indicated a continental rift setting, with
percent success values of about 56 % to 73 % (Figs. S39-
S41; Table S25).

Test study 9: Tianheyong, Inner Mongolia, China

Geochemical data for only eight samples of early Miocene
were reported by Yang et al. (2009). These samples had
complete data for three sets of diagrams (Table S12). The
two sets based on major elements (Agrawal et al. 2004; Ver-
ma et al. 2006) indicated a continental rift setting, with per-
cent success of about 73 % for both of them (Figs. S42 and
S43; Table S26). However, the set based on immobile ele-
ments (Agrawal et al. 2008) suggested an ocean island set-
ting for these samples (percent success of 75 %; Fig. S44;
Table S26).

Test study 10: Halaha volcanic field, Central Great
Xing ‘an Range, China

Fourteen samples of Quaternary basic rocks (Table S12;
Ho et al. 2013) from the Halaha volcanic field, NE China, in-
dicated a continental rift setting (Table S27). Both sets of the
major element based diagrams showed higher percent suc-
cess values of 67 % and 71 % than both sets of immobile ele-
ment based diagrams (44 % and 49 % only; Figs. S45-S48;
Table S27). Nevertheless, the expected CRB tectonic setting
was confirmed from all diagram sets.
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Testing of the diagrams for “fresh” volcanic rocks from
continental arc tectonic settings

Test study 11: Aniakchak ignimbrite, Alaska

Geochemical data for 9 samples from about 3400 years old
ignimbrite (Table S12; Dreher et al. 2005) from the
Aniakchak caldera, Aleutian Peninsula, were used to test all
multidimensional diagrams for acid rocks (Verma et al.
2012, 2013). Both sets based on log-ratios of major elements
(Figs. S49 and S50) showed a continental arc setting, with
percent probability values of 85 % and 56 % (Table S28).
The two sets based on log-ratios of immobile elements also
indicated the same tectonic setting with percent probability
values of 70 % and 77 % (Figs. S51 and S52; Table S28).
This inference seems to be consistent with the continental
arc setting for this peninsular part of the Aleutian arc and in-
volvement of crustal material in the genesis of the ignimbri-
tic magma (Dreher et al. 2005).

We will not present more diagrams because the reader
should have ascertained from our presentation so far that the
diagrams serve the purpose of visualization only and are not
really required for the interpretation. TecD and TecDIA pro-
vide all necessary information to understand the results of
the multidimensional diagrams. Furthermore, for interme-
diate and acid rocks TecDIA provides probability estimates
which cannot be obtained directly from the examination of
the respective diagrams.

Test study 12a—12c: Guatemala, Central America

Nine samples of intermediate volcanic rocks from recent
eruptions of the Fuego volcanic complex (Test study 12a;
Table S12; Chesner & Rose Jr. 1984) allowed the evaluation
of the major element based diagram set (Verma & Verma
2013), which indicated the expected continental arc setting
for these samples, with the total percent probability value of
65 % (Table S29).

Geochemical data for 40 samples of lava from the Meseta
volcano (Test study 12b; Table S12; Chesner & Halsore
1997) also allowed the application of only one set of major
element based diagrams (Verma & Verma 2013), which
confirmed the expected continental arc setting for these
samples, with the total percent probability value of 72 %
(Table S30).

The final Test study (12c) from this group was for Quater-
nary volcanic rocks from the Santiaguito volcanic complex
(Table S12; Scott et al. 2013). Eighteen samples of interme-
diate rocks had complete data for two sets of diagrams,
which showed a continental arc setting (total percent proba-
bility values of 74 % and 55 %; Table S31). Only five of
these samples had complete data for the remaining set of dia-
grams, which also indicated a continental arc setting for
these samples (Table S31). Additionally, 17 samples of acid
rocks allowed the application of all four sets of diagrams
(Table S32). One set of major element based diagrams indi-
cated an island arc setting for these samples, whereas the
other set a continental arc setting. One set of immobile ele-
ment based diagrams did not provide a consistent answer, in-
dicating, in fact, a transitional continental arc to collision
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setting. The final set of diagrams also based on immobile ele-
ments, on the other hand, provided a consistent answer of
a continental arc setting, with total percent probability of
77 % (Table S32). These inconsistencies seem to be a natural
consequence of crustal involvement in the genesis of these
magmas as suggested by the original authors (Scott et al.
2013).

Test study 13: Huequi volcano, Chile

Nine intermediate rock samples of historic activity from
this volcanic dome complex in the Andean southern volcanic
zone (Table S12, Watt et al. 2011) had complete data for two
of the three sets of diagrams, which showed the expected
continental arc setting with total percent probability values
of about 70 % (Table S33).

Test study 14: Nisyros Island, Dodecanese, Greece

Only the major element based diagram set could be tested
from Quaternary volcanic rocks of Nisyros Island, Greece
(Table S12; Di Paola 1974). Sixteen samples of intermediate
rocks indicated a continental arc setting but with a rather low
percent probability value of 49 % or a continental arc to col-
lision transitional setting, with the respective probability
values of 49 % and 40 %, respectively (Table S34). The acid
rocks (11 samples) were also consistent with a continental
arc setting and showed much higher percent probability
values of 71 % and 75 % (Table S35). These different in-
ferences may be related to different petrogenetic processes
for these two magma types.

Testing of the diagrams from “fresh” volcanic rocks of
island arc tectonic setting

Test study 15: Augustine Island

One set of diagrams based on major elements in interme-
diate rocks was tested from the geochemical data for Pleis-
tocene-Holocene volcanic rocks from this small island in the
Aleutian arc (Table S12; Johnson et al. 1996). Twenty-one
samples consistently plotted in the arc setting, with the
island arc predominating over the continental arc (total per-
cent probability of 59 % and 41 %, respectively; Table S36).
Thus, the expected tectonic setting of an island arc seems to
be confirmed.

Test study 16a: Barren Island, Andaman-Nicobar Islands

Data for 25 samples of Quaternary basic volcanic rocks
from the Barren Island were compiled (Test study 16a; Table
S12; Chandrasekharam et al. 2009; Streck et al. 2011). In the
major element based diagrams these island arc samples
showed percent success of about 73 % and 80 % for the
Agrawal et al. (2004) and Verma et al. (2006) diagrams, re-
spectively (Table S37). Only 11 samples had complete data
for immobile element based diagrams of Agrawal et al.
(2008), whereas 24 of them had complete data for Verma &
Agrawal (2011) diagrams. Both sets also indicated an arc
setting, with high percent success of 80 % (Table S37). Simi-
larly, 21 samples from the Barren Island proved to be from
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intermediate magma, which, in the major element based dia-
grams (Verma & Verma 2013) showed an island arc setting
with total percent probability of 52 %, followed by about
42 % for the continental arc setting (Table S38). The two
sets of immobile element based diagrams confirmed the island
arc setting for intermediate rocks, with higher total percent
probability of about 74 % (Table S38). Thus, the expected
tectonic setting of an island arc seems to be confirmed.

Test study 16b: Narcondam Island, Andaman-Nicobar
Islands

For the Narcondam Island, only 10 samples of interme-
diate and 8 of acid rocks were available (Test study 16b;
Table S12; Pal et al. 2007; Streck et al. 2011). Although for
intermediate rocks the major element based diagrams indi-
cated an island arc setting, the total percent probability was
very low (only about 41 %; Table S39). Eight of these sam-
ples with complete data for the two sets of immobile element
based diagrams, however, confirmed the island arc setting
with total percent probability values of 71 % and 58 % (Ta-
ble S39). The major element based diagrams for acid rocks
also confirmed the island arc setting with total percent proba-
bility of about 72 % (Table S40). However, one set of immo-
bile trace element based diagrams indicated a continental arc
(total percent probability of about 58 %) rather than an is-
land arc (total percent probability of about 42 %; Table S40).
The reasons for this discrepancy will have to be evaluated,
but one of them is probably related to the data quality of
trace elements (larger analytical errors for trace than for ma-
jor elements).

Testing of the diagrams for “fresh” volcanic rocks from
mid-ocean ridge tectonic settings

Test study 17: Central Indian Ridge

Yi et al. (2014) reported geochemical data for axial posi-
tions of the Indian Ridge (Table S12). Thirty-three samples
proved to be of basic magma types, whereas 14 turned out to
be intermediate rocks. The latter were not used for testing
because the mid-ocean ridge setting is missing from the dia-
grams for intermediate rocks (Verma & Verma 2013). There-
fore, the Supplementary file does not have the corresponding
report table. Nevertheless, this setting can be included in the
future versions of these diagrams. The basic rocks confirmed
the mid-ocean ridge tectonic setting in all four sets of dia-
grams, with high percent success values of 65 % to 76 %
(Table S41).

Testing of the diagrams for “fresh” volcanic rocks from
collision tectonic settings

Test study 18: Shirak area, NW Armenia

The Pliocene-Pleistocene volcanic rocks of Armenia are
considered a key component of the Arabia-Eurasia collision
(Neill et al. 2013). Thirteen samples of intermediate rocks
had complete data for two sets of diagrams; 9 of these sam-
ples could be used for the remaining set of diagrams (Table
S12). All diagram sets consistently indicated a collision set-
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ting for these samples; the corresponding percent probability
values varied from a low 43 % to a considerably high 67 %
(Table S42).

Evaluation of the diagrams for “hydrothermally
altered” or “weathered” volcanic rocks from different
tectonic settings

Test study Al: Eaio Island, Maquesas Islands, French
Polynesia

Twenty-five (24 basic and 1 ultrabasic; Caroff et al. 1999;
Table S13) hydrothermally altered samples from three drill
holes in the Eaio Island were used to evaluate three of the
four sets of diagrams, which affirmed an ocean island tecto-
nic setting in all diagram sets (Table S43). In spite of the
alteration indicated by high-temperature iddingsite and low-
temperature zeolites, gypsum, calcite, and clay minerals
(Caroff et al. 1999), most of the compiled samples plotted in
the OIB field and showed high percent success values of
75 % to 78 % (Table S43).

Test study A2: Koolau, Haleakala, and Kohala, Hawaiian
Islands

Moderately to highly altered rocks (exfoliated shell, core-
stone, rind, and shell samples) affected by spheroidal weathe-
ring from three volcanoes (Koolau, Haleakala, and Kohala)
of the Hawaiian Islands, were sampled and analysed by Pati-
no et al. (2003). A sample from a corestone-shell set was di-
vided into three subsuites (corestone, exfoliated shell,
andrind) with different degrees of alteration (Patino et al.
2003). The approximate ages of these samples as reported by
Patino et al. (2003) were about 2-4 Ma for Koolau (Oahu Is-
land), 0.35-0.4 Ma for Haleakala (Maui Island), and 0.35 Ma
for Kohala (Hawaii). For 9 samples of basic and ultrabasic
rocks, unfortunately, only major element based diagrams
could be tested; complete data for none of the immobile ele-
ment based diagrams were available. Both sets of major ele-
ment based diagrams indicated a continental rift setting with
62 % and 71 % percent success; the ocean island setting
showed the next setting with 36 % and 25 % (Table S44).
Thus, although the expected ocean island setting was not in-
ferred for these moderately to intensely weathered rocks, the
inferred continental rift setting is very similar to the expected
setting; both of them belong to the within-plate setting.

Test study A3: Hainan Island, China

The geochemistry of basaltic lavas from Hainan Island
near the northern edge of the South China Sea (Miocene to
Holocene; Table S13) was reported by Wang et al. (2012).
The alteration was indicated by high loss on ignition (LOI)
values (Wang et al. 2012). We selected 13 slightly to in-
tensely altered basic and 10 intermediate rock samples for
this evaluation. The basic rock samples had complete
datasets for only the major element based diagrams; for im-
mobile trace element diagrams only four samples had com-
plete data, which were not considered (Table S13). Both
major element based diagrams indicated a continental rift
setting with percent success of about 69 % and 74 %
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(Table S45). The 10 intermediate rock samples also had
complete data for major elements only; for immobile ele-
ments only three samples had complete data. The major ele-
ment based diagrams showed a within-plate (CR+OI) setting
for them, with a high total percent probability of 83 %
(Table S46). Thus, in spite of alteration, a consistent result of
a continental rift or a within-plate setting was obtained from
basic and intermediate rocks, respectively.

Test study A4: Moyuta and Tecuamburro volcanoes, Gua-
temala

Highly altered rocks (exfoliated shell, corestone, rind, and
columnar joint block samples; see also Test study A2 above)
affected by spheroidal weathering from two volcanoes
(Moyuta and Tecuamburro) of Guatemala, were sampled and
analysed by Patino et al. (2003). The ages of the samples
from Moyuta were not reported by Patino et al. (2003), al-
though an approximate age of Pliocene-Pleistocene was in-
dicated for the Tecuamburro volcano. As for the earlier Test
study), only the major element based diagrams for interme-
diate rocks could be tested from 7 samples. This diagram set
indicated a continental arc setting with about 53 % total per-
cent probability value (Table S47). Thus, the expected tec-
tonic setting was inferred in spite of the intense spheroidal
weathering that affected these rock samples.

Test study A5: Sarapiqui Miocene arc, Costa Rica

Gazel et al. (2005) reported geochemical data for rocks
from the Sarapiqui Miocene (11.4-22.2 Ma) arc (or paleo-
arc), northern Costa Rica (Table S13). Gazel et al. (2005)
stated that pyroclasts in their samples were altered; additio-
nally, H,O" contents in three of the four samples showed rel-
atively high values (1.70-7.00 %). Ten samples of basic
rocks (probably of ages 15-22 Ma; Gazel et al. 2005) had
complete data for the two major element based diagram sets
and one immobile element set and suggested an arc setting
for them (Table S48). From the basic rock diagrams, the dis-
tinction between an island and a continental arc is at present
not possible, because the continental arc setting was not rep-
resented in the databases used for proposing these diagrams
(Agrawal et al. 2004, 2008; Verma et al. 2006; Verma &
Agrawal 2011). However, 14 samples of intermediate rocks
(probably of ages 11-15 Ma, somewhat younger than the ba-
sic rocks; Gazel et al. 2005) from this paleoarc had complete
data for two sets of diagrams, which clearly confirmed an is-
land arc setting, with percent probability values of 67 % for
the major element based diagrams and 57 % for one set of
immobile element based diagrams (Table S49). It is not clear
if this Miocene arc represents an island or a continental arc
setting. Nevertheless, because these two tectonic settings are
very similar, this inference could be interpreted as a valid re-
sult. Finally, only four rock samples proved to be of acid type,
which were not used for testing the respective diagrams.

Test study A6: Taupo Volcanic Zone, New Zealand

From the Rotokawa and Ngatamariki geothermal systems,
Taupo Volcanic Zone, New Zealand, hydrothermally altered
intermediate rocks were sampled from deep drill holes and
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analysed for their major and trace elements by Browne et al.
(1992). These authors did not report the tectonic setting of
their geothermal area with temperatures above 300 °C. Prac-
tically no samples escaped the alteration indicated by altered
psudomorph (altered hypersthene, titanomagnetite to leuco-
xene, high LOI up to 6.2 %, and high volatile contents;
Browne et al. 1992). The present-day tectonic setting seems
to be an active rifting of an arc (Deering et al. 2011).
Twenty-eight samples had complete data for the major ele-
ment based diagrams, which indicated an island arc setting
with a relatively low total percent probability value of about
44 %, followed by about 36 % for the continental arc setting
(Table S50). The diagram set based on immobile major and
trace elements could be tested from only five samples. It also
indicated an island arc setting but with higher probability
of about 63 % followed by 37 % for the continental arc
(Table S50).

Test study A7a: SE Indian and SW Pacific seafloor, Indian
and Pacific Oceans

Pyle et al. (1995) reported geochemical data from fresh as
well as altered seafloor rocks (dredged and drilled) of different
ages (0-4 and 15-23 Ma; Table S13). The presence of mica-
ceous alteration minerals, low CaO/Al,O; reflecting perva-
sive alteration, unusually high Rb contents, and contamination
from seawater alteration were suggested by Pyle et al. (1995)
as the symptoms of alteration for most samples. The authors
used an intense leaching procedure before sample prepara-
tion for geochemical data acquisition. Complete major ele-
ment data were available for 9 samples, of which 7 samples
had complete immobile element data as well. Therefore, all
four diagram sets could be tested from these data. The applica-
tion showed a mid-ocean ridge setting from all diagrams, with
a high percent success of about 72-80 % (Table S51).

Test study A7b: central Indian Ridge, Indian Ocean

Geochemical data for mafic and ultramafic rocks were re-
ported for the central part of the Indian Ridge (Yi et al. 2014;
Table S13). Most samples are characterized by moderate to
intense alteration of primary minerals. In highly altered gab-
broic rocks, clinopyroxene is replaced by amphibole and
chlorite, plagioclase changed to aggregates of prehnite or
cryptocrystalline secondary minerals, and altered veins of
Fe-Ti oxide and minor chlorite are present (Yi et al. 2014).
In other samples, olivine is altered to aggregates of serpen-
tine, iron oxide, and iron hydroxide; most harzburgites are
strongly serpentinized (Yi et al. 2014). Twenty-eight sam-
ples with complete major element data indicated a mid-
ocean ridge setting with 64 % and 55 % percent success
values (Table S52). A lesser number of samples (17 and 20)
had complete immobile element data for the respective dia-
grams. They also indicated a mid-ocean ridge setting for
these diagrams with high success rates of about 70 %
(Table S52).

Test study A8: Aeolian Island, Italy

Only 17 samples of hydrothermally altered (7 intermediate
and 10 acid) rocks could be compiled from Del Moro et al.
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(2011; Table S13) for this final Test study. The volcanic and
subvolcanic rocks underwent alteration processes induced by
acid-sulphate hydrothermal systems (Del Moro et al. 2011).
According to these authors, some rocks showed argillic to si-
licic alteration containing abundant hydrous sulphate and
hydroxyl-sulphate minerals, whereas other rocks underwent
pyrometamorphic processes. Two sets of diagrams for inter-
mediate rocks could be tested; in both sets all samples con-
sistently plotted in the collision field and showed high total
percent probability values of about 83 % and 84 %
(Table S53). For acid rocks, all four sets of diagrams could
be applied. The first set of major element based diagrams
showed a collision setting but with a low total percent proba-
bility of 42 %, whereas the other set indicated a transitional
arc to collision setting (Table S54). However, both sets of
immobile element based diagrams were consistent with
a collision setting for these samples (total percent probability
values of about 82 % and 60 %; Table S54).

Use of freely-available geochemical databases for tectonic
discrimination

Agrawal & Verma (2007) were the first to show that freely-
available geochemical databases should not be indiscrimi-
nately used for tectonic discrimination. Here, we use the
example of GEOROC-Mainz to confirm the difficulties in
using compiled data without critically examining the origi-
nal papers from which the data were compiled.

Tongan arc data were downloaded as an excel file on
May 27, 2015. This file contains 222 rows of samples com-
piled from 29 references. However, only 151 samples have
complete major element data compiled from 19 references.
There may also be discrepancies regarding the information
on age or alteration parameters and references listed but we
will point out only the discrepancies between the database
and the data presented in the corresponding literature refe-
rences. One problem with the database is that it contains zero
(0) concentration values for numerous elements; zero values
are not possible because this means that either the element of
interest was not measured or it was not determinable by the
analytical technique used. Therefore, the zero values should
simply be blank cells.

Haase et al. (2002) reported data for 27 samples from the
arc setting (Havre, Monowai, Rauol, Vulcanolog, Brothers,
and Clark) whereas the GEOROC database has only 5 sam-
ples. Similarly, Hergt and Woodhead (2007) reported data
for 8 samples from Eua Island whereas the database has only
4 samples from this paper. Furthermore, these two papers
(Haase et al. 2002; Hergt and Woodhead 2007) were already
compiled and used by the proponents of the multidimensional
diagrams; these data therefore should not be used for testing
of diagrams. For the data from Pearce et al. (2007), the data-
base shows one sample (s16-95-2) listed as of Tongan arc,
but this sample with TiO, contents of 3.54 % and Nb of
74.07 ppm is listed in the original paper as an ocean island
basalt. Furthermore, in this paper (Pearce et al. 2007), 16 sam-
ples listed as Tongan arc are not present in the database.
Similar discrepancies are also observed between the database
and the original work of Hawkins et al. (1977). The database
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reports 5 samples which were not found in Hawkins et al.
(1977); these authors did not report any new data rather than
average values from earlier papers. Therefore, it is not clear
from where these samples were compiled. Fallon et al.
(2007) reported data for numerous samples from forearc,
ridge, and backarc regions; however, the database contains
data for 3 samples from the Melville ridge registered as
from the Tongan arc. Thus, it will not be advisable to use
the database without prior examination of the original
references.

Even if we ignore all the above problems, for five major
element-based diagram sets (two for basic and ultrabasic
rocks, Tables S1 and S2; one for intermediate rocks, Table
S5; and two for acid rocks, Tables S8 and S9), a total of 151
rock samples are available in this database. The database
also indicates that in terms of the three main subdivisions for
diagram sets, these samples are distributed as follows: 91
samples of basic and ultrabasic rocks (65 basalts, 22 tholeii-
tes, and 4 more basalts listed as basalt/not given); 48 inter-
mediate (9 andesite, 34 basaltic andesite, and 5 boninite);
and 7 acid (4 dacite and 3 rhyolite); 5 rock type not given.
This subdivision for the use of multidimensional discrimina-
tion diagrams would simply not match that obtained from
the application of IgRoCS strictly following the TUGS re-
commendations. When major element data for 151 samples
in this database are processed in IgRoCS, the following sub-
division was obtained: 84 samples of basic (1 alkali basalt,
1 picrite, 1 potassic trachybasalt, and 81 subalkali basalt)
and 2 of ultrabasic rocks (basanite); 52 intermediate
(11 andesite, 37 basaltic andesite, and 4 boninite); and
13 acid (9 dacite and 4 rhyolite). Because of these discrepan-
cies, the user will have to process the database in IgRoCS
before using the multidimensional diagrams.

Further considerations of the Tongan arc datafile from the
GEOROC-Mainz compilation are concerned with the num-
ber of samples with valid concentration values for the major-
trace or trace element-based diagrams. For basic and
ultrabasic rocks, out of 86 samples only 29 and 22 samples
are available for the diagram sets of Agrawal et al. (2008;
complete data required for La, Sm, Yb, Nb, and Th) and Ver-
ma & Agrawal (2011; complete data required for Nb, V, Y,
Zr, and TiO,), respectively.

For the combined major and trace element-based diagram
set for intermediate rocks, the required elements with com-
plete data are TiO,, MgO, P,Os, Nb, Ni, V, Y, and Zr
(Table S6). Out of 52 samples in the database only 22 sam-
ples had complete data for use of this diagram set (in fact,
5 more samples had a 0 value for Nb, which were not counted
as valid samples). Similarly, for the trace element-based dia-
gram set for intermediate rocks, 23 samples had complete
data for the required elements (La, Ce, Sm, Yb, Nb, Th, Y,
and Zr; Table S7). Finally, for the major-trace and trace ele-
ment-based diagram sets for acid rocks (Tables S10 and
S11), complete data were available for only 3 samples and
1 sample, respectively (4 out of 13 samples).

Because of all these difficulties, the multidimensional dia-
grams were not used for testing these Tongan data. We con-
clude that the freely-available databases should be used with
caution.
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Additional explanation on the performance of multidi-
mensional diagrams

We finally mention the possible reasons for obtaining
varying percent success values in different diagram sets. Oc-
casionally, the total percent success values are much lower
than the highest value of about 80 % for basic and ultrabasic
rocks (Agrawal et al. 2004, 2008; Verma et al. 2006; Verma
& Agrawal 2011). This highest percent success value could
be even somewhat higher for probability-based counting in
the diagram sets for intermediate and acid rocks (Verma et
al. 2012, 2013; Verma & Verma 2013). When the total per-
cent success values are relatively small (much less than
80 %), we must first resort to the by-chance probability values
for a given diagram set. Because the total probabilities are
divided into four tectonic settings in the final synthesis of
a diagram set, the total by-chance percent probability for
a given tectonic setting will be around 25 %. Therefore, this
by-chance probability serves the purpose of better interpreting
our inferences.

Although the statistical problems associated with the use
of crude compositional data (e.g., Pearson 1897; Chayes
1960, 1971; Butler 1979) have been overcome by the log-ratio
transformation technique in the new multidimensional dia-
grams (e.g., Aitchison 1984, 1986, 1999; Egozcue et al.
2003; Thomas & Aitchison 2005; Pawlowsky-Glahn &
Egozcue 2006; Buccianti 2013; Verma 2015a), other prob-
lems still prevail. Some of them can be summarized as fol-
lows: (i) the data quality plays an important role, but the
appropriate information is seldom available in the published
geochemical literature (only indications are sometimes pro-
vided as overall percent errors and not for individual
geochemical data); (ii) post-emplacement changes are rela-
tively common in older terrains, which may move the sam-
ples from one tectonic setting to another although the
multidimensional diagrams are shown to be relatively robust
against small concentration changes of a few tens of percent;
(iii) age data are seldom available for individual geochemi-
cally analysed samples, which renders the sample grouping
difficult; (iv) even when age data are available, the corre-
sponding uncertainty may span tens of millions of years,
a period relatively large to have caused significant changes
in the tectonic setting of a given area; and (v) the different
types of magmas in a given region may have originated from
different sources (mantle or crustal or both), which is not
taken into account in the multidimensional diagrams but will
also cause dispersion in such diagrams.

Conclusions

Satisfactory application of the new multidimensional dia-
grams has been demonstrated for 18 test studies of relatively
fresh rocks and 8 application studies of hydrothermally al-
tered or weathered rocks. In most cases studies, the expected
tectonic setting was indicated by the respective applicable
diagrams. The importance of petrogenetic processes and data
quality is highlighted, especially, for cases where the expected
tectonic setting was not inferred from the diagrams.
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Supplementary Material

The discriminant function DF1-DF2 equations were recently summarized by Verma et al. (2015b),
which are reproduced here in Tables S1-S11 for an easy reference.

Table S1.

DF1-DF2 equations for the first set of five diagrams proposed by Agrawal et al. (2004) for basic and ultrabasic magmas.

Figure reference; Discrimination

figure type diagram

Discriminant function equations

Agrawal et al. (2004); IAB-CRB-OIB-
adjusted major MORB
element

concentrations

DFl(IAB-CRB-OIB-MORB)ml = 0.258X(Si02)adj + 2.395X(Ti02)adj + 0.106X(A|203)adj + 1.019X(F6203)adj —
6.778><(Mn0)adj + 0.405><(MgO)adj + 0.119><(Ca0)ad,- +0.071><(Na20)ad,- - 0.198X(K20)adj + 0.613X(P205)adj —
24.065

DFZ(IAB-CRB-OIB-MORB)ml = 0.730X(Si02)adj + 1.119X(Ti02)adj + 0.156X(A|203)adj + 1.332X(F6203)adj +
4.376X(MnO)yq; + 0.493%(MgO)ag + 0.936X(Ca0)sq +0.882% (Naz0)agj — 0.291%(K;O)agj — 1.572X(P08)agj —
59.472

IAB-CRB-OIB

DFl(IAB-CRB-OIB)ml = 0.251X(Si02)adj + 2.034X(Ti02)adj - O.lOOX(A|203)adj + O.573X(F6203)adj + 0.032><(Fe0)ad,~
— 2.877%(MnO)yg; + 0.260%(MgO).qj + 0.052%(Ca0)ag; +0.322%(Naz0)agy — 0.229% (K20)aq; — 18.974

DFZ(IAB-CRB-OIB)ml = 2.150X(Si02)adj + 2.711X(Ti02)adj + 1.792X(A|203)adj + 2.295X(F€‘203)adj + 1.484><(FeO)adj
—8.594%(MnO)yg + 1.896%(MgO).qj + 2.158%(Ca0)ag; + 1.201%(Naz0)ag; + 1.763%(K0)ag; — 200.276

IAB-CRB-MORB

DFl(IAB-CRB-MORB)ml = 0.435><(Si02)adj — 1.392X(Ti02)adj + 0.183X(A|203)adj + 0.148><(FeO)adj +
7.690%(Mn0O),qj + 0.021x(MgO)ag; + 0.380%(Ca0)aqj + 0.036x(Naz0)ag; + 0.462%(K20)ag — 1.192%(P20s)aqj —
29.435

DF2(IAB-CRB-MORB)m1 = OGle(S|OZ)adJ — 0335X(T|02)3dj + 1-332X(A|203)adj + l449><(FeO)adJ +
0756 (MNO)zg; + 0.893%(MgO)ag; + 0.448% (CaO)ags + 0.525x(Naz0)ag; + 1.734X (KoO)ags + 2,494 (P;05)ac —
78.236

IAB-OIB-MORB

DFl(IAB-OIB-MORB)ml = 1.232X(Si02)adj + 4.166X(Ti02)adj + 1.085X(A|203)3dj + 3.522X(F9203)adj +
O.SOOX(FeO)adj — 3.930><(Mn0)ad,— + 1.334><(MgO)ad,— + 1.085><(Ca0)adj + 0.416><(Na20)adj + O.827><(K20)adj —
119.050

DFZ(IAB-OIB-MORB)ml = 1.384X(Si02)a¢“ + 1.091X(Ti02)adj + 0.908x(A|203)3dJ + 2.419><(Fe203)adj +
O.886><(FeO)adj + 5.281><(Mn0)ad,— + 1.269><(MgO)ad,— + 1.790><(Ca0)adj + 2.572><(Na20)adj + 0.138><(K20)adj —
134.295

CRB-OIB-MORB

DFl(CRB-OIB-MORB)ml = 0.310X(Si02)adj + 1.936>((Ti02)adj + 0.341X(A|203)adj + 0.760X(F9203)adj +
0.351%(FeO)ag; — 11.315%(MNO)agy + 0.526X(MGO)ag; + 0.084%(Ca0)ag; + 0.312%(K;O)sgj + 1.892%(Po0s)agj —
32.909

DF2(CRB-OIB-MORB)m1 = 0703X(S|02)adj + 2454x(T|02)adj + 0.233X(A|203)adj + 1.943X(FEZO3)adj —
0.182X(Fe0)j — 2.421X(MNO)sg; + 0.618X(MgO)ug; + 0.712%(Ca0)agj — 0.866X(K;O0)agj — L.180X(P206)acs —
56.455

The tectonic fields are: [AB—island arc basic (or ultrabasic) rocks; CRB—continental rift basic (or ultrabasic) rocks; OIB—ocean island basic (or ultrabasic)
rocks; and MORB—mid ocean ridge basic (or ultrabasic) rocks. The subscript g refers to adjusted data from the SINCLAS (Verma et al. 2002) or IgRoCS
computer program (Verma and Rivera-Goémez 2013a).



Table S2.

DF1-DF2 equations (approximate coefficients) for the second set of five diagrams proposed by Verma et al. (2006) for basic and

ultrabasic magmas.

Figure reference; Discrimination

figure type diagram

Discriminant function equations

Verma et al. (2006); |AB-CRB-OIB-
log-ratios of major MORB
elements

DFl(IAB—CRB—OIB—MORB)mZ =— 4676X|n(T|02/S|02) + 2533X|n(A|203/S|02) — 0388X|n(F9203/S|02) + 3.969%
In(FeO/SiO) + 0.898xIn(MnO/SiO;) — 0.583xIn(MgO/Si0y) — 0.290xIn(Ca0/SiO,) — 0.270xIn(Na;0/SiOy)
+1.081xIn(K,0/Si0;) + 0.184xIn(P,05/Si0) + 1.544

DFZ(IAB-CRB-OIB-MORB)mZ = 0675X|H(T|02/8|Oz) + 4.590% In(A|203/S|Oz) + 2090X|n(F6203/S|Oz) + 0.851x
In(FeO/SiOz)— 0.433xIn(MnO/SiO,) + 1.483xIn(MgO/SiO;) — 2.363 In(Ca0/SiO;) — 1.656x In(Na;0/SiOy)
—0.676% In(K,0/Si0y) + 0.413xIn(P,04/Si0y) + 13.164

IAB-CRB-OIB

DFl(IAB-CRB-OIB)mZ = 4OOOX|n(TIOz/SIOg) - 2238X|n(A|203/S|02) + 0811X|n(F9203/SI02) — 2.586x%
In(FeO/SiO,) — 1.243xIn(MnO/SiO,) + 0.587xIn(MgO/SiO,) — 0.315xIn(Ca0/SiO,) + 0.432xIn(Na,O/SiO,)
—1.026xIn(K,0/SiO,) + 0.051xIn(P,0s/SiO,) — 0.572

DFZ(IAB-CRB-OIB)mZ =— 1370><|n(T|02/S|Oz) + 3010X|H(A|203/5|02) + 0324X|H(F6203/S|02) + 1.900x%
In(FeO/SiOy)— 1.975xIn(MnO/SiO,) + 1.441xIn(MgO/SiO;) — 2.266xIn(Ca0/SiOy) + 1.866xIn(Na,0/SiOy)
+0.287xIn(K,0/Si0;) + 0.814xIn(P,04/Si0,) + 1.820

IAB-CRB-MORB

DFl(IAB-CRB-MORB)mZ =— 1574X|n(T|02/S|02) + 6150x|n(A|203/S|02) + 1554><In(F6203/S|Oz) +
3.413xIn(Fe0/Si0;) — 0.009xIn(MnO/SiO,) + 1.248xIn(MgO/SiO) — 2.110xIn(Ca0/SiO) —
0.768%In(Na,0O/SiO;) + 1.143xIn(K,0/Si0O,) + 0.352xIn(P,0s/Si0,) + 16.871

DFZ(IAB-CRB-MORB)mZ = 3984X|n(T|02/S|02) + 0220x|n(A|203/S|02) + 1152><In(F6203/S|02) —2.204x%
In(FeO/SiOy) — 1.623xIn(MnO/SiO,) + 1.429xIn(MgO/SiO;) — 1.252xIn(Ca0/SiOy) + 0.358xIn(Na,0/SiOy)
- 0641><|n(K20/S|02) + 0265><|n(P205/S|02) +5.051

IAB-OIB-MORB

DFl(IAB-OIB-MORB)mZ = 5340X|n(T|02/S|02) — 1628><|n(AIZO3/S|02) + 0834><|n(F6203/S|Oz) —
4.736xIn(Fe0/SiO,) — 0.125xIn(MnO/SiOy) + 0.645xIn(MgO/SiO,) + 1.515xIn(Ca0/SiO;) —
0.815xIn(Na,0/SiO;) — 0.889xIn(K,0/Si0,) — 0.226xIn(P;0/SiO,) + 5.776

DFZ(IAB-OIB-MORB)mZ = 1180><|n(T|02/S|02) + 5511X|n(A|zO3/S|02) + 2774><In(F6203/S|02) —0.134x
In(FeO/SiOy) + 0.667xIn(MnO/SiO,) + 1.104xIn(MgO/SiO,) — 1.723xIn(Ca0/SiO,) — 3.895xIn(Na,0/SiOy)
+0.947xIn(K;0/Si0,) — 0.108In(P,05/Si0y) + 15.498

CRB-OIB-MORB

DFl(CRB-OIB-MORB)mZ =— 0518X|n(T|02/S|02) + 4989X|n(A|zO3/S|02) + 2220X|n(F6203/S|02) +
1.180xIn(FeO/Si0,) — 0.301xIn(MnO/SiO,) + 1.330xIn(MgO/SiO,) — 2.183xIn(Ca0/SiO,) —
1.932xIn(Na,0O/SiO,) + 0.698xIn(K,0/SiO,) + 0.900xIn(P.Os/SiO,) + 13.262

DF2(CRB-OIB-MORB)m2 = 5051x|n(T|02/S|02) — 0497X|n(A|203/S|02) + 1005X|n(F9203/S|Oz) —3.385x%
In(FeO/SiO,) + 0.553xIn(MnO/SiO,) + 0.292xIn(MgO/SiO,) + 0.401xIn(Ca0/SiO,) — 2.864xIn(Na,O/SiO,)
~ 0.219xIn(K,0/Si03) — 1.056xIn(P,04/SiO) + 2.888

The tectonic fields are: [AB—island arc basic (or ultrabasic) rocks; CRB—continental rift basic (or ultrabasic) rocks; OIB—ocean island basic (or ultrabasic)
rocks; and MORB—mid ocean ridge basic (or ultrabasic) rocks. The subscript . refers to adjusted data from the SINCLAS (Verma et al. 2002) or IgRoCS
computer program (Verma and Rivera-Gémez 2013a), but is eliminated from these equations.



Table S3.
DF1-DF2 equations for the set of five diagrams based on trace element ratios proposed by Agrawal et al. (2008) for basic and ultrabasic
magmas.

Figure reference; Discrimination Discriminant function equations
figure type diagram
Agrawal et al. (2008); IAB-CRB+OIB- DF1(as.cre+oi-mormy = 0.3518xIn(La/Th) + 0.6013xIn(Sm/Th) — 1.3450xIn(Yh/Th) + 2.1056xIn(Nb/Th) —
log-ratios of MORB 5.4763
immobile trace
elements DF2ag-cre+ois-moreyt = — 0.3050xIn(La/Th) — 1.1801xIn(Sm/Th) + 1.6189xIn(Yb/Th) + 1.2260xIn(Nb/Th) —
0.9944
IAB-CRB-0IB DFl(IAB-CRB-OIB)tl = 05533><|n(La/Th) + 02173><|n(Sm/Th) — 00969><|n(Ybe'h) + 20454><|n(Nb/Th) —5.6305

DF2(as-cre-omu = —2.4498%In(La/Th) + 4.8562xIn(Sm/Th) — 2.1240xIn(Yb/Th) — 0.1567xIn(Nb/Th) +
0.9400

IAB-CRB-MORB DF1ag.cre-vorsy = 0.3305xIn(La/Th) + 0.3484xIn(Sm/Th) — 0.9562xIn(Yb/Th) + 2.0777xIn(Nb/Th) —

4.5628
DF2gas.crevorey = —0.1928xIn(La/Th) — 1.1989xIn(Sm/Th) + 1.7531xIn(Yb/Th) + 0.6607xIn(Nb/Th) -
0.4384

|IAB-OIB-MORB DFl(IAB-OIB-MORB)tl = 17517><|n(Sm/Th) — 19508><|n(Yb/Th) + 19573><In(Nb/Th) —5.0928

DFZ(IAB-OIB-MORB)II = 722412><|n(Sm/Th) + 22060X|n(Yb/Th) + 12481><In(Nb/Th) —0.8243

CRB-OIB-MORB DF1crs-ois-morsy = —0.5558xIn(La/Th) — 1.4260xIn(Sm/Th) + 2.2935xIn(Yb/Th) — 0.6890xIn(Nb/Th) +
4.1422

DFZ(CAB-OIB-MORB)II = 4)9207><|n(LalTh) + 36520><|n(Sm/Th) - 19866><|n(Yb/Th) + 10574><|n(Nb/Th) -
4.4283

The tectonic fields are: [IAB—island arc basic (or ultrabasic) rocks; CRB—continental rift basic (or ultrabasic) rocks; OIB—ocean island basic (or ultrabasic)
rocks; and MORB—mid ocean ridge basic (or ultrabasic) rocks.



Table S4.

DF1-DF2 equations for the set of five diagrams based on major and trace element ratios proposed by Verma and Agrawal (2011) for

basic and ultrabasic magmas.

Figure reference;
figure type

Discrimination
diagram

Discriminant function equations

Verma and Agrawal
(2011); log-ratios of
immobile major and
trace elements

IAB-CRB+0IB-
MORB

DFl(IAB—CRB+OIB—MORB)12 =— 06611X|H(Nb/(T|02)ad]) + 22926><|n(V/T|Oz)ad,) + 16774><In(Y/T|OZ)ad,) +

1.0916xIn(Zr/(TiOy)ag) + 21.3603

DFZ(IAB—CRB+OIB—MORB)12 = 04702X|n(Nb/(T|02)ad]) + 37649><|n(V/T|Oz)ad,) — 3911><In(Y/T|Oz)adJ)
+2.2697%IN(Zr/(TiOR)aq) + 4.8487

IAB-CRB-OIB

DFl(IAB—CRB—OIB)IZ = —06146><In(Nb/(T|Oz)ad,) + 23510X|n(V/T|02)adJ) + 16828X|n(Y/T|02)adj) +
1.1911XIN(ZH/(TiOy)ag) + 22.7253

DFZ(IAB-CRB-OIB)!Z = 13765X|n(Nb/(T|02)adJ) — 09452X|n(V/T|02)adJ) + 40461X|n(Y/T|02)adJ) -
2.0789xIn(Zr/(TiOy)ag) + 22.2450

IAB-CRB-MORB

DF1(a8-cre-mMorB)2 = —O.6624><In(Nb/(TiOz)ad,-) + 2.4498><In(V/Ti02)ad,~) + 1.2867X|H(Y/Ti02)adj) +
1.0920xIn(Zr/(TiOy).g) + 18.7466

DFZ(IAB-CRB-MORB)tZ =0.4938 - |ﬂ(Nb/(TiOz)adj) +3.4741 - |n(V/Ti02)adj) —3.8053 - |n(Y/Ti02)adj) +
2.0070 - I(Zr/(TiO%)g) + 3.3163

IAB-OIB-MORB

DF1(a8-0i8-MoRrB)2 = —O.2646><In(Nb/(TiOz)ad,-) + 2.0491><In(V/Ti02)ad,~) + 3.4565X|H(Y/Ti02)adj) +
0.8573xIn(Zr/(TiO2)ag) + 32.9472

DF2(|AB.O|B.MORB)(2 = 0.01874X|H(Nb/(Ti02)adj) + 4.0937><In(V/Ti02)ad,~) - 4.8550><In(Y/TiOz)ad,~) +
2.9900xIn(Zr/(TiO2)ag) + 0.1995

CRB-OIB-MORB

DFl(CRB-OIB-MORB)tZ = 707829X|n(Nb/(T|02)3dJ) + 03379X|n(V/T|02)ad]) + 33239X|n(Y/T|02)adJ) —
0.51232xIn(Z1/(TiOs)aq) + 16,0941

DF2(CAB-OIB-MORB)t2 = 17478X|n(Nb/(T|02)3dJ) — 00421X|n(V/T|OQ)adJ) + 3530l><|n(Y/TIOz)ad,) —
1.4503In(Z1/(TiOy)aq) + 28.3592

The tectonic fields are: IAB—island arc basic (or ultrabasic) rocks; CRB—continental rift basic (or ultrabasic) rocks; OIB—ocean island basic (or ultrabasic)
rocks; and MORB—mid ocean ridge basic (or ultrabasic) rocks. The subscript g refers to adjusted data from the SINCLAS (Verma et al. 2002) or IgRoCS

computer program (Verma and Rivera-Gémez 2013a).



Table S5.
DF1-DF2 equations (approximate coefficients) for the set of five diagrams based on major element ratios proposed by Verma and Verma (2013) for intermediate magmas.

Figure reference; Discrimination Discriminant function equations
figure type diagram

Verma and Verma IA+CA-CR+0I-Col DF1(|A+CA-CR+O|-CO|)mim = (-2.456 x |n(r|02/8|02)adj) +(1.120% |n(A|203/S|02)adJ) +
2013); log-ratios of . . .
Enajor)emr%ents (—2225 X |n(F9203/S|02)adj) + (2489>< |n(FEO/S|OZ)adj) + (-0212 X In(MnO/SIOZ)adj) +
(mint) (-0.067 x IN(MO/SiOy) 1) + (1.291x IN(CaO/SiOy ) o) + (-0.284 x In(Na ,0/Si0; ) ) +

(:0.402 x In(K ,0/Si03) o) + (0.031x In(P,05/Si03) o) -11.431

DF2(1,CA-CR+01-Col) i, = (-0-578% IN(TI0,/Si03) 55) + (:0.011x In(Al ,05/Si0; ) o) +
(0.69Lx In(Fe,03/S10; ) o) + (-1.998x IN(FEO/SI0Z ) o5) + (-1.720 x IN(MNO/SIO, ) o) +
(0.305x IN(MgO/SiO; ) 5g5) + (0816 x In(CaO/Si0y) 1) + (-1.792 x In(Na ,0/Si03) o) +
(0.871xIn(K ,0/S10; ) o) + (0.335x In(P,05/Si0,) ) -12.202

IA-CA-CR+OI
DFl(lA—CA-CR+O|)mim = (-2519>< |n(T|02/S|02)adj) + (0542 X |n(A|203/S|02)adJ) +

(-3790>< In(Fe203/S|02)adJ) + (3846>< |n(FEO/S|02)adJ) + (-0363>< |n(MnO/S|02)adJ) +
(:0.177 X IN(MO/SiO3) 1) + (1426 X INCAO/SIO, ) o) + (0. 112 x In(Na ,0/Si05 ) o) +
(:0.219xIN(K ,0/Si03) ) + (0.072x In(Po05/Si05 ) o) -14.315

DF2(1A-CA-CR 01, = (-1.049 IN(Ti0,/Si05) 167) + (3.440x IN(A1,05/Si05) o) +
(-3.433 In(Fe,03/S103) 1q7) + (4.807 x In(FEO/SI0, ) ) + (-3.499 x IN(MNO/SIO, ) ) +
(0.374x IN(MO/SiO,) ) + (-2.148x IN(CaO/Si0,) o) + (3.002x In(Na ,0/Si0; ) o) +
(:0.774 x In(K 20/S105) 55) + (1.062x In(P,05/Si03) o) -13.489

IA-CA-Col DF1(jA-CA-Col) iy = (-0-887xIn(Ti02/S10;)qq;) + (-0.782x IN(Al,03/S10; ) o) +
(-2.432x In(Fe;03/Si0; ) 5j) + (4.106x In(FeO/SiO3) 4j) + (2.050x In(MNO/SiO; ) o) +
(-0.387 x In(MgO/Si03) agj) + (-0.740x IN(CaO/SiO3 ) o) + (1.360x In(Na,O/SiO; ) o) +
(-0.816x IN(K,0/Si03) 5j) + (-0.468 x In(P,05/Si0; ) o) + 4.312

DF2(1 a-cA-Col) i = @-760xIn(T10,/Si102)44;) + (-4.329 x IN(Al;03/Si03 ) o) +
(2.601x In(Fe,03/Si0; ) 5¢j) + (-4.961x In(FeO/SIO; ) 4j) + (2.897 x IN(MNO/SiO3 ) 5 ;) +
(-0.362x IN(MgO/SiO3 ) 5qj) + (2.230x In(CaO/SiO; ) 5j) + (-2.967 x IN(Na ,0/Si03) 45) +
(0.790x In(K20/Si03) 5j) + (-1.326 x In(P,O5/Si05) 44j) + 7.586

IA-CR+0I-Col
DFl(lA—CR+O|-CO|)mim = (-2436>< |n(T|02/S|02)adj) + (1539>< In(AI203/S|02)adJ) +

(-1.517xIn(Fey03/Si0;) 5;) + (1.456 x In(FeO/SiO;) ;) + (0.496 x In(MNO/SiO; ) o) +
(-0.050x In(MgO/SiO3) 5g5) + (1.258x In(Ca0/SiO3) ;) + (-0.827 x In(Na0/SiO3) ) +
(-0.488x In(K,0/Si03) 54;) +(0.112x In(P,05/Si03) 55) - 7.895

DF2(1A-CR +01-Col) i, = (-0-737 % IN(TI0,/Si0;) ) + (0.0788 x IN(A1,05/Si05) o) +
(0.066 x In(Fe;03/Si0) o) + (-1.130x In(FeO/Si0,) ) + (-2.131x IN(MNO/SIOy ) o) +
(0.246 % In(MgOISiO, ) ) + (0.682 % In(CaO/Si0; ) ) + (-1.328 x In(Na0/Si03) o) +
(0.771x In(K ;0/Si0; ) o) + (0.296 x In(P,05/Si0; ) o) - 15.241




CA-CR+0I-Col DFL(CA-CR+01-Col) i = (2-322 IN(Ti0,/510;) 15) + (1.971x In(Al,05/510,) ) +
(-0.537 x In(Fe,03/Si0;) ) + (0.431x I(FEO/SiO;) ) + (-1.139 x IN(MNO/SIOy ) o) +
(0.528x IN(MO/SiO; ) ) + (0.988x I(Ca0/SiOy ) o) + (-0.894 x In(Na ,0/Si0; ) o) +
(0.161x In(K 20/Si0, ) ) + (0.078x In(P,05/Si0; ) o) - 12.350

DF2(CA-CR+O1-Col) iy = (-0-407 % IN(TI02/Si03) 1) + (2.606 x IN(Al,05/Si05) o) +
(0.161x In(Fe,03/Si0; ) ) + (L.346 x IN(FEO/SIO, ) o) + (0.446 x IN(MNO/SIOy ) o) +
(:0.260 x In(MgO/Si0,) 1) + (-0.465x In(CaO/SiO; ) o) + (0.921x IN(Nay0/Si0;) ) +
(-1.277 xIn(K ,0/S103) 1) + (0.143x In(P,05/Si03) o) +3.501

The tectonic settings are: [A—island arc; CA—continental arc; CR—continental rift; Ol-ocean island; and Col—collision. The subscript g refers to adjusted data from the
SINCLAS (Verma et al. 2002) or IgRoCS computer program (Verma and Rivera-Gémez 2013a).

Vi



Table S6.
DF1-DF2 equations (approximate coefficients) for the set of five diagrams based on immobile major and trace element ratios proposed by Verma and
Verma (2013) for intermediate magmas.

Figure reference; Discrimination Discriminant function equations
figure type diagram

Verma and Verma IA+CA-CR+OI-Col DF1(|A+CA-CR+O|-CO|)mtim = (1023)( In(MgO/TIOZ)adJ) + (O631>< In(P205/TiOZ)adj) +
2013); log-ratios of . . .
(2012 o major and (0.939 x IN(NB/TiO, ) o) + (-0.415x IN(NI/Ti0, ) o) + (1.677 x IN(VITiO, ) o) +

trace elements (mtint) (0.454x In(Y/Ti0,) 1) + (0.583x In(Zr/TiO, ) ) +1.901

DF2(|A+CA-CR+O|—C0|)mtim = (0249>< |n(MgO/T|02)adJ) + (-0477 |n(P205/Ti02)adj) +
(:0.336 x IN(NDITIO) og5) + (-0.131x INNI/TIO, ) o) + (-L. 712 X IN(VITIOR) o) +
(0.214xIN(Y/TiO3) o) + (-2.008x INZIITIO, ) o) - 18.638

IA-CA-CR+0I DFl(IA'CA'CRJrOI)mIint = (0875)( In(MgO/TIOZ)adJ) + (0428>< In(ons/TiOZ)adj) +
(0,686 x IN(NDITIO, ) o) + (0.372 IN(NI/TiOR) ) + (1924 x IN(VITIO, ) o) +
(0.835x IN(Y/Ti0,) 1) + (0.843x IN(ZNITIO, ) o) +8.228

DF2(|A_CA_CR+0|)mtim = (-1172)( In(MgO/TIOZ)adJ) + (-2651)( |n(P205/Ti02)adj) +

(0.176 x IN(ND/Ti05 ) a) + (0.118x IN(Ni/TiOy) o5) + (:0.185 x IN(V/TiO;) ) +
(1.921x IN(Y/TiO,) o) + (0.387 x IN(ZHTi0; ) ) +12.452

IA-CA-Col DFl(IA—CA»COl)mﬁm = (-0801>< |n(Mg0/T|02)adJ) + (0125>< In(P205/Ti02)adj) +
(0.908 IN(ND/TiOy) 57) + (0.320x IN(Ni/TiO ) o) + (-0.368x IN(V/TiO3 ) o) +
(-0.641x IN(Y/TiO, ) o) + (0.723x INZ/TiO, ) ) +8.109

DF2(|A—CA-CO|)m[im = (1317>< In(MgO/TIOz)adJ) + (2200>< In(P205/TiOZ)adj) +
(-0.124x In(ND/Ti0,) 1) + (-0.134x In(Ni/Ti0, ) ) + (:0.872x IN(V/Ti0,) o) +
(-1.783x IN(Y/Ti0,) 1qj) + (-1.365x IN(ZK/Ti0,) o) - 20.630

IA-CA-CR+OI DF1(|A-CR+O|-C0|)mtim = (-0856>< |n(MgO/T|02)adJ) + (-0301>< |n(P205/Ti02)adj) +
(0.862x IN(NDITIO) o) + (0.385x IN(N/TiO3) o) + (-1.583x IN(V/TiOR) ) +
(0.757 In(Y/TiOy ) o) + (-0.692 X IN(Z/Ti0,) ) - 4.469

DFZ(IA—CR+O|-CO|)mﬁm = (0215)( |n(MgO/T|02)adj) + (-0504)( In(P205/TiOZ)adj) +
(:0.323x IN(NDITi0, ) ) + (-0.122x IN(NI/TiO, ) ) + (-1. 710 x IN(V/TiO, ) ) +
(0.426x IN(Y/TiO5) o) + (-1.981x IN(ZH/Ti0y) o) -17.041

CA-CR+0OI-Col DFl(CA-CR+O|-CO|)mtim = (-1256>< |n(MgO/T|02)adJ) + (-1082 X |n(P205/Ti02)adj) +
(L.438x IN(ND/TIO, ) o) + (0.545x IN(NI/TI0, ) o) + (-1.620 x IN(VITIO, ) o) +
(0.337xIN(Y/Ti0,) ) + (0.714 X INZITIO, ) o5) +5.752

DFZ(CA—CR+O|—CO|)mint = (-00240)( In(MgO/TIOz)adJ) + (-0054 X In(P205/Ti02)adj) +
(:0.861x IN(ND/Ti0 ) o) + (-0.174x IN(NI/Ti05 ) o) + (-1.641x IN(V/TiO,) 1) +
(0.069 x IN(Y/TiO,) o) + (-L.772x INZHITiO, ) o) - 21.028

The tectonic settings are: IA—island arc; CA—continental arc; CR—continental rift; Ol—-ocean island; and Col—collision. The subscript g refers to adjusted data from the
SINCLAS (Verma et al. 2002) or IgRoCS computer program (Verma and Rivera-Gémez 2013a).
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Table S7.
DF1-DF2 equations (approximate coefficients) for the set of five diagrams based on immobile trace element ratios proposed by Verma and Verma
(2013) for intermediate magmas.

Figure reference; Discrimination Discriminant function equations
figure type diagram

é%rlrg? e}nd Vtirma " IA*CA-CR+OI-Col  DF 15, ca-CR+0I-Col) gy = (-0-167xIN(La/Yb) + (-1.254 < In(Ce/ Yb) + (1.295x In(Sm/Yb) +
, 10g-ratios o
immobile trace (1.332x In(Nb/Yb) + (0.270x In(Th/YDb) + (1.929x In(Y/Yb) + (0.181x In(Zr/Yb) - 3.816

elements (tint)
DF2(|A+CA-CR +0I-Col) tint = (-0243)( In(La/Yb) =+ (1727)( In(CE/Yb) + (0490X In(Sm/Yb) =+

(-1.276x In(Nb/Yb) + (0.960x In(T h/Yb) + (0.851x In(Y/Yb) + (-0.489 x In(Zr/Yb) - 3.306

IA-CACR+OI DF1(a-cA-CR-+0l), = (0-018x In(La/Yb) +(-1.269 In(Ce/Yb) + (1.741x In(Sm/Yb) +
(1.324x In(Nb/YD) + (0.029% In(Th/Yb) + (1.581x In(Y/Yb) + (0.172x In(Zr/Yb) - 3.385

DF2(|A-CA-CR +O)sint = ('2100>< |n(La/Yb) + (-2044>< In(CE/Yb) + (-0412>< In(Sm/Yb) +
(L.022x In(ND/Yb) + (L. 244x In(Th/Yb) + (L.877x In(Y/Yb) + (L.070x In(Zr/Yb) - 0.292

IA-CA-Col DF (1 a-cA-Col) i = (0-093x In(La/Yb) + (0.752x In(Ce/ Yb) + (0.930x In(Sm/Yb) +
(0.124% In(Nb/Yb) + (0.348x In(Th/Yb) + (1.473x In(Y/Yb) + (-0.034 x In(Zr/Yb) - 5.801

DF2(1A.cA-CR 101y, = (-2.038xIn(La/Yb) + (-0.073x In(Ce/Yb) + (-1.360x In(Sm/Yh) +
(-0.078x In(Nb/Yb) + (1.825x In(Th/Yb) + (2. 774x In(Y/Yb) + (0.444x In(Zr/Yb) - 3.684

IA-CR+OI-Col DF1(A-CR+01-Col) g, = (0-721xIn(La/Yb) + (-1.352 In(Ce/Yb) + (1.379x In(Sm/Yhb) +
(1.164x In(Nb/Yb) + (-0.042x In(Th/Yh) + (1.558x In(Y/Yb) + (-0.164x In(Zr/Yb) - 2.934

DF2(14.CR +01-Col) g = (0-238x In(La/Yb) + (-2.035x In(Ce/Yb) + (-0.250x In(Sm/Yb) +
(1.347x In(ND/Yb) + (-0.761x In(Th/Yb) + (-0.787 x In(Y/Yb) + (0.377 x In(Zr/Yb) + 4.155

CA-CR+OI-Col DF1(cA-CR +0I-Col) i = (0-977xIn(La/Yb) + (-1.389 In(Ce/ Yb) + (1.366x In(Sm/Yb) +
(1.900x In(Nb/Yb) +(0.569 In(Th/Yb) + (1.658x In(Y/Yb) + (-0.305x In(Zr/Yb) - 0.877

DF2(ca-CR +01-Col) g, = (-0.0870xIn(La/Yb) + (1.164x In(Ce/Yb) +(0.364x In(Sm/Yb) +
(-0.901x In(Nb/Yb) + (L. 126 x In(T h/Yh) + (1.191x In(Y/Yb) + (-0.400x In(Zr/Yb) - 3.915

The tectonic settings are: IA—island arc; CA—continental arc; CR—continental rift; Ol-ocean island; and Col—collision.
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Table S8.
DF1-DF2 equations (approximate coefficients) for the set of five diagrams based on major element ratios proposed by Verma et al. (2012)

for acid magmas.

Figure reference; figure  Discrimination diagram Discriminant function equations
type
Verma et al. (2012); IA+CA-CR-Col DF1(jA+CA-CR-Col) g = (0-361xIn(Ti02/Si03) ;) + (0.957x In(Al,03/SiO; ) uqj) +
log-ratios of major . . .
niinte ") ! (-2.0025 In(Fe,03/Si05) o5) + (0.934x In(FeO/SIOy) ogp) + (0.427 x In(MnO/SiO,) 1) +

(0.187x In(MQO/SiO; ) ;) + (0456 x In(CaO/Si03 ) ) + (0.561x In(Na ,0/Si0) o) +
(-1.652x In(K ;0/Si03) 1) + (-0.156 x In(P,05/Si0; ) ) -1.583

DF2(a+CA-CR-Col)3 = (0-472x In(TiO2/SIO 3)4q5) + (-0.955x IN(Al,03/Si0 ) o)) +
(0.110x In(Fep03/Si0 3) o)) + (0.699 x IN(FeO/SIO 3 ) o)) +
(0.740x IN(MNO/SIO3) o) + (-0.028x IN(M GO/SiO 5) o) +
(-0.245x In(CaO/SiO ) 4qj) + (0.232x In(NaO/SiO 3) o) +
(0.174x In(K20/SI0 3) 5j) + (-0.354x IN(Py05/Si0 5 ) o) + 6.691

IA-CA-CR
Fl(lA-CA-CR)m3 = (-O479>< |n(T|02/S|o Z)adj) + (-0087>< In(AI203/S|O Z)adj) +

(2.743 In(Fe;03/SI0 5) og5) + (-1.066 % I(FEO/SIO ) ) +
(-0.139 IN(MNOJSIO; ) o47) + (-0.191x IN(M gO/SIO ) ) +
(-0.852 x In(Ca0/SiO ) ;) + (-0.714 x In(Na,0/Si0 5) ) +
(1.727 x In(K 50/SI0 ) ) + (0.339 x IN(Py05/SIO ) o) + 6.257

DF2(1A-CA-CR), 5 = (-0-320% IN(TIO,/SI0 5) ) + (-1.758x IN(AL,03/SI0 ) ) +
(-3.205x In(Fe03/S0 ) ) + (1121 In(FEO/SIO 5) o) +
(0.217x IN(MNO/SIO) o) + (-0.074x IN(MGO/SIO ) o) +
(1.250x In(CaO/SIO ) ) + (1.314x IN(NazO/SI0 ) o) +
(1.662x In(K 201510 3) ) + (0.019x IN(P,05/Si0 7)) +0.998

IA-CA-Col DF11a-cA-Col)ys = (-0.362xIn(TiO2/SIO )44j) + (-0.034x IN(Al03/SIO 3)4q) +
(0.520 x In(Fex03/Si0 3)qqj) + (-0.498 x In(FeO/SIiO 5 ) 5gj) +
(-0.722x In(MnO/SiO3 ) 4gj) + (-0.123x IN(M gO/SIO 3) o) +
(-0.139x In(CaO/SiO 3)4qj) + (-0.817x IN(NaO/SiO ) o)) +
(1.507 x In(K 20/SiO ) 5j) + (0.268 x In(P205/SiO 3) ;) - 3.083

DF2(a-cA-Coly = (-0-142xIn(Ti02/SI0 ) 4qj) + (1.984x In(AI03/Si0 3)44)) +
(1.747 x In(Fe03/SIO 3)44j) + (-0.735x In(FeO/SIO 5) o) +
(-1.226 x IN(MNO/SIO3)gj) + (0.062x IN(M gO/SIO 3) 55) +
(-1.152x In(CaO/SiO 7)4gj) + (-3.189x IN(Na,O/SIO ) 55) +
(-2.339x In(K0/SI0 ) gj) + (0.495x In(Py05/SiO 3)qj) -18.190

1A-CR-Col DF1(1a-CR-Col) g = (0.023xIN(Ti0,/Si0; ) 5q5) + (1.288x In(Al,03/Si0; ) o) +
(-2.641x In(Fe,04/S103) o) + (2.949 x IN(FO/SI0,) 1) + (0.197 x IN(MNO/SiO; ) o) +
(0.067x IN(MgO/SiOy) 1) + (0.062x IN(Ca0/Si0;) 5 5) + (0.622 x IN(NayO/SiO; ) o) +
(-2.058x IN(K 50/Si03 ) 55) + (-0.075x IN(Po05/Si05 ) o) — 2.179
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DF2(1a-CR-Col) g = (0-279% IN(TI0,/Si0; ) 5qj) + (-1.054x In(AI1,03/S10; ) o) +
(0.827 x In(Fe,05/Si0, ) o) + (0.303x IN(FO/SiO, ) ) + (0.408x IN(MNO/SiO, ) ) +
(:0.090 x IN(MQO/SiO3) 55) + (-0.326 x IN(CaO/SiO, ) o) + (0.152x In(Nay0/Si0y) o) +
(0.6701n(K ,0/Si03) ) + (-0.226x In(P,05/Si0, ) o) + 6.517

CA-CR-Col DFL(cA-CR-Col) g = (0.064 IN(Ti0,/Si0;) 5gj) + (-1.794x In(Al,03/Si0, ) o) +
(0.526x In(Fe;03/Si0;) o) + (0.638x IN(FEO/SIO) 1) + (0.341x In(MnO/SiOy ) o) +
(:0.072x In(MgO/SiO; ) 55) + (-0.326 x In(CaO/SiOy) o) + (0.106 x In(Na,0/Si0;) o) +
(1.810x In(K ;0/Si0; ) o) + (-0.034x IN(P,05/Si05 ) 1) +8.262

DF2(cA-CR-Col) p = (0-876xIN(Ti0,/Si05) ;) +(0.802 In(Al,05/Si0;) ) +
(0.247 x In(Fe,03/Si05 ) o) + (-0.880x IN(FEO/SI0, ) ) + (0.754x IN(MnO/SiO, ) ) +
(:0.001x In(MgO/SiO, ) 55) + (-0.062x In(CaO/SiO,) ) + (-0.205x I(Nay0/Si0y) o) +
(-3.309 % IN(K ,0/Si05 ) o) + (-0.353x In(P,05/Si0;) ) - 3.896

The tectonic settings are: [A—island arc; CA—continental arc; CR—continental rift; and Col—collision. The subscript qq; refers to adjusted data from the SINCLAS (Verma et al. 2002) or IgRoCS
computer program (Verma and Rivera-Gémez 2013a).



Table S9.
DF1-DF2 equations (approximate coefficients) for the set of five diagrams based on major element ratios proposed by Verma et al. (2013) for acid magmas.

Figure reference; ~ Discrimination Discriminant function equations
figure type diagram

Verma et al. (2013); IA+CA-CR+0I-Col DF1(|A+CA'CR+O|'COI)n1acid = (0051>< |n(T|02/S|02)adJ) + (0226>< |n(A|203/S|02)adJ) + (-1769 X In(FEZO3/SiOZ)adj) +
log-ratios of major
eloments (macid) (1831 In(FeO/Si0, ) o) + (-0.0652 IN(MNO/SI0, ) ) + (0.134 x In(MGOISiO, ) o) +

(0.225x In(Ca0/Si0; ) 5j) + (0.742x In(Na,0/Si03) 5j) + (-1.781x In(K,0/Si07) o) +

(0.146 x In(P,05/Si03) o) - 2.115

DF2(1A+ CA-CR+01-Col) g = (1-091% IN(Ti0,/Si03) 1) + (-1.648 x In(Al,05/Si0;) ) + (-1.189 x In(Fe,05/Si0;) o) +
(1.030x In(FeO/Si0, ) ) + (0.823x IN(MNO/SIO, ) ) + (0.026 x IN(MGO/SiOy) o) +
(0.023x In(Ca0/Si0y) ;) + (0.212 x In(Na0/Si0; ) o) + (0.085 % In(K 20/Si03) o) +
(-0.854x In(P,05/Si03) 1) + 2.543

IA-CA-CR+OI DFL(1A-CA +01-CR + Ol)eggg = (0-130xIN(Ti0,/Si0;)5¢7) + (0.623 In(Fe,03/Si0;) o) +
(-0.761x IN(FeO/SiOy) 1) + (-0.083x IN(MNO/SiOy) o) + (-0.147 x IN(MgO/SiO; ) o) +
(-0.239 IN(Ca0/SiO, ) o) + (-0.520x IN(Nay0/Si0y) 1) + (2.038 In(K ,0/Si03) o) +
(-0.164 x In(P,05/Si0;) o) +2.650

DF2(1A-CA-CR +Ol)pgq = (-0-045% IN(Ti0,/S10;)a;) + (5.102 In(Fep03/Si0;) o) +
(-5.151x In(FeO/Si0y) 1) + (1.160x IN(MNO/SiOy ) o) + (-0.253x In(MgO/SiOp ) o) +
(-0.451x In(Ca0/Si0y) 4gj) + (-2.448x In(Na0/Si0; ) ) + (-1.405 % IN(K ;0/S103) 1g5) +
(0.002x In(P,05/Si0;) ) - 2.979

IA-CA-Col DFl(IA'CA'COI)maCid = ('0489>< In(TlOZ/S|02)adJ) + (2271)( In(A|203/S|02)adj) + (0619 X In(Fezo3/Si02)adj) +
(-1.238 In(FeO/SiOy) ) + (-0.912 x IN(MNO/SIO,) o) + (0.156 x IN(MGO/SiO, ) o) +
(-1.231x |n(Na20/Si02)adj) +(1.154 % |n(K20/S|02)adj) +(0.409 x |n(P205/Si02)adj) -3.220

DF2(|A—CA-CO|) macid — (068l>< In(TlOZ/S|02)adJ) + (2244>< In(A|203/S|02)adj) + (-3899 X In(F6203/Si02)adj) +
(3.691x IN(FEO/SI0, ) o) + (-0.374 x IN(MNOISIO, ) o) + (0.255 x IN(MgO/SiOy) ) +
(3.036x IN(Na,0/Si0,) ) + (1. 163x IN(K y0/Si0;) ) + (-0.226 x I(Py05/Si0,) ) +12.688

IA-CR+0I -Col
DFl(lA—CR+O|—CO|)maCid = (-0.144>< |n(TI02/S|02)adJ) + (—0.743>< In(AI203/SiOZ)adj) + (—0.443>< |n(MnO/SI02)adJ) +

(0.075x In(Ca0/SiO;, ) ;) + (0.383x In(Na,0/Si0; ) ) + (2.577 x In(K ,0/S10; ) ) +
(-0.024 x In(P,05/Si0;) o) + 4.290

DF2(1 A CR +01-Coly gy = (0873 IN(TI0/SI0,) 55) + (1545 IN(Al,05/S105) o) + (-0.753x IN(MNO/SIO, ) o) +
(0.023x IN(CaO0/Si0; ) oq5) + (0150 x IN(Na O/SI0, ) o) + (-0.320 x IN(K ,0/SI0, ) o) +
(0751>< |n(P205/Si02)adj) -2.595

CA-CR+0I -Col DFl(CA-CR+O|-C0|)mCid = (-0.022 x |n(T|02/S|02)adJ) +(1.065x |n(A|203/S|02)adJ) +(-1.651x In(Fe203/Si02)adj) +
(1889 IN(FEO/Si03) ) + (0.296 x IN(MNO/SiO3) 15) + (0.119x IN(MgO/SiO3) o) +
(0.650x IN(Na ,0/Si0, ) o) + (-2.431x IN(K ,0/Si0, ) o) + (0.212x IN(Po05/Si05 ) o) - 4.332
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DF2(CA_CR+OI_CO|)rT]aCid = ('1084)( In(T|02/S|02)adJ) + (1626)( In(A|203/S|02)adJ) + (0992 X In(FeZO3/Si02)adj) +
(-0.798>< |n(FEO/S|02)adJ) + (-0.779>< In(MnO/SIOz)adJ) + ('0018>< In(MgO/SIOZ)adJ) + (-0223)( |n(Nazo/Si02)adj) +
(0.651x |n(K20/S|02)adJ) +(0.726 x |n(P205/SiOZ)adj) -0.916

The tectonic settings are: IA—island arc; CA—continental arc; CR—continental rift; Ol-ocean island; and Col—collision. The subscript qj refers to adjusted data from the SINCLAS
(Verma et al. 2002) or IgRoCS computer program (Verma and Rivera-Gémez 2013a).
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Table S10.

DF1-DF2 equations (approximate coefficients) for the set of five diagrams based on immobile major and trace element ratios proposed by

Verma et al. (2013) for acid magmas.

Figure reference; Discrimination
figure type diagram

Discriminant function equations

Vermaet al. (2013);  IA+CA-CR+OI-Col
log-ratios of

immobile major and

trace elements

(mtacid)

DF1(|A+CA-CR +01-Col) mtzcid = (-0091>< In(MgO/TlOZ)adJ) +
(:0.228x IN(P,05/Ti02) 1) + (0. 729 IN(NDITiO) 1) +
(:0.237x IN(Y/Ti02) o) + (0.577 x IN(ZK/TiO) o) + 4. 704

DF2(|A+CA'CR+O|'COI)mtacid = (-0268>< |n(MgO/T|02)adJ) +
(-1.253 In(P,05/Ti05) o) + (-0.476x IN(ND/TO, ) o) +
(0.209% IN(Y/Ti0,) oq5) + (-0.082 INZHTi03) ) - 3.709

IA-CA-CR+OI

DF1(|A-CA-CR +Ol)pagig = (-0-018xIn(MgO/TiO,)5q5) +
(:0.025 In(P05/TiOy) o) + (1.060x IN(ND/TiOp) ) +
(:0.530x IN(Y/Ti0,) 1q5) + (0.301x IN(ZH/Ti0) o) + 4.701

DFZ(IA—CA-CR +O0)mtacid — (-0197>< |n(MgO/T|02)adJ) +
(0118 In(P,05/Ti0y ) 5) + (0724 In(NB/ T i05) ) +
(1,099 IN(Y/Ti03) o) + (0.742 INZHTIO, ) o) + 3. 702

IA-CA-Col

DFl(lA-CA-COD miacid — (0248>< |n(P205/TiOZ)adj) + (1183)( In(Nb/TIOZ)adJ) +
(:0.861x IN(Y/TiO,)5q5) + (0.136x IN(ZH/Ti0,) o) + 3.988

DF2(|A-CA-CO|) mtacid = (1129)( In(P205/Ti02)adj) + (-O382>< In(Nb/TIOZ)adJ) +
(1126 I(Y/TiOz) o)+ (0.682x INZHTi0,) ) + 7.274

1A-CR+0I-Col

DFl(IA-CR +01-Col) mtacid — (0095>< In(MgO/TIOZ)adJ) + (-0079)( In(P205/Ti02)adj) +
(1.104x IN(NB/Ti03)15) + (-0.900x IN(Y/TiO, ) o) +
(0.333x IN(Z/TiOy) 5gp) +2.771

DFZ(IA—CR-COI) miacid = (-0298>< |n(MgO/T|02)adJ) + (-0998>< In(P205/Ti02)adj) +
(:0.279x In(NB/TiO, ) 5) + (0.339x IN(Y/TiO,) ) +
(0.171x In(Zr/TiO,) ;) - 0.805

CA-CR+OI-Col

DFl(CA-CR -Col) mtacid = (-0081>< |n(MgO/T|02)adJ) + (-0432>< In(P205/Ti02)adj) +
(0.444x IN(NB/Ti05) 5g5) + (-0.131x INY/TiO, ) o) +
(0.824x INZHTi02) o) +3.726
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DFZ(CA-CR -Col) mtacid = (-0341X |n(MgO/T|02)adJ) + (—1110>< |n(P205/Ti02)adj) +
(:0.754x IN(NDITiO) o) + (0.271x IN(Y/TiO3) ) +
(:0.377x IN(ZITi0, ) o) - 5.425

The tectonic settings are: IA—island arc; CA—continental arc; CR—continental rift; Ol-ocean island; and Col—collision. The subscript 4 refers to adjusted data
from the SINCLAS (Verma et al. 2002) or IgRoCS computer program (Verma and Rivera-Gémez 2013a).
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Table S11.
DF1-DF2 equations (approximate coefficients) for the set of five diagrams based on immobile trace element ratios proposed by Verma et al.
(2013) for acid magmas.

Figure reference; Discrimination Discriminant function equations
figure type diagram

verma et alf- (2013);  IA+CA-CR+OICOl  DF1ja, ca-CR4OI-Colyg = (-4-994% IN(La/YD)) + (7.810x In(Ce/Yb)) + (-4.329 x In(Sm/Yb)) +
0g-ratios 0

immobile trace (0.822 x In(Nb/Yb)) + (0.063x In(Th/Yb)) + (0.644 x In(Y/YDb)) + (-0.567 x In(Zr/Yb)) - 9.497
elements (tacid)

DF2(1 A+ CA-CR +O1-Col)ugg = (2-325% IN(La/Yb)) + (-3.620x In(Ce/Yb)) + (2.621x In(Sm/Yb) +
(0.250 In(Nb/Yb)) + (0.843x In(Th/Yb)) + (-1.139 x In(Y/Yh)) + (-1.269 x In(Zr/Yb)) +10.251

IA-CA-CR+OI DF (1 A-CA-CR+Ol)qig = (-5-209x In(La/Yb)) + (6.616x In(Ce/Yb)) +(-3.632 x In(Sm/Yb)) +
(1.692 x In(Nb/Yb)) + (0.334 x In(Th/Yh)) + (1.558 x In(Y/Yb)) + (-0.488 x In(Zr/Yb)) - 9.614

DF2(1A.CA-CR +Ol)uqq = (-3-72% IN(L&/YD)) + (4.792 In(Ce/Yb)) + (-2.678x In(Sm/Yb)) +
(0.158x In(Nb/Yb)) + (-0.499 x In(Th/Yb)) + (1.035x In(Y/Yh)) + (-0.342 x In(Zr/Yb)) - 4.934

IA-CA-Col DF1(1A-CA-Col) g = (-0-047xIn(La/YD)) + (1.076 < In(Ce/Yb)) +(-0.963x In(Sm/Yb)) +
(0.840x In(Nb/Yh)) + (0.594 x In(Th/Yb)) + (-0.878 x In(Zr/Yb)) - 0.731

DF2(1.CA-Col) g = (-4-067x In(LarYb)) + (4.736x In(Ce/Yb) + (-0.077 x In(Sm/Yb)) +
(-0.225 x In(Nb/Yb)) + (0.774 x In(Th/Yb)) + (-2.495x In(Zr/Yb)) + 5.099

IA-CR+0I-Col DF1(A-CR+0I-Col)ygig = (0-259% In(La/Yb)) + (1.047 x In(Ce/ Yb)) + (-1.004 x In(Sm/Yb)) +
(0.898x In(Nb/Yb)) + (0.542 x In(Th/Yb)) + (0.089x In(Y/Yb)) + (-0.620 x In(Zr/Yb)) - 2.914

DF2(1A.CR+O1-Col) g = (-5-356% In(La/Yb)) + (8.414x In(Ce/Yb)) + (-5.369 x In(Sm/ Yb)) +
(0.483x In(NB/YD)) + (-0.411x In(Th/Yb)) + (1.119 x In(Y/Yb)) + (0.373x In(Zr/Yb)) - 13.950

CA-CR+OI-Col DFL(CA-CR+0I1-Col) i = (-5-409x In(La/'YD)) + (8.436x In(Ce/Yb)) + (-4.783x In(Sm/Yb)) +
(0.776 x In(Nb/Yb)) + (-0.079 x In(Th/Yb)) + (0.636 x In(Y/YD)) + (-0.263x In(Zr/Yb)) -11.340

DF2(CA-CR+Ol-Col) g = (1-683x In(La/YD)) + (-1.730x In(Ce/ Yb)) + (0.516 x In(Sm/Yb)) +
(0.838x In(Nb/Yb)) + (1.037 < In(Th/Yb)) + (-0.984 x In(Y/Yb)) + (-1.414 x In(Zr/Yb)) + 6.088

The tectonic settings are: IA—island arc; CA—continental arc; CR—continental rift; Ol-ocean island; and Col—collision.
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Table S12

Synthesis of the compilation of “fresh” rock samples used in the present study for testing of discrimination diagrams (18 test studies).

Approximate

Number of Samples*

Test study location (Figure no; Table no. for results) Age and rock type Inferred
.Y | A Tectonic Reference
Region Sub-region Long. (°) Lat. (°) Age (Ma) Author rock type setting
ml/m2, t1, t2 m, mt, t m, mt, t
Expected tectonic setting: Ocean Island
303+3, 0, 303+3 . .
S - . ) submarine Rhodes and Vollinger
1a. Mauna Kea 1555 198 (Flg%ti:ij 83; 0.1-04 basaltic lava oiB (2004), Rhodes (2012)
43+2,0, 43+2 submarine
1b. Mauna Loa -155.6 195 (Figs. S4-S6; - 0.1-0.4 basaltic | oIB Rhodes and Vollinger (2004)
Table S14) asaftic fava
1. Hawaiian Islands
(Pacific Ocean) . ,10' 0,10 .
1c. Maui -156.6 20.9 (Figs. S7- S9; 19-21 basaltic lava oiB Sherrod et al. (2007)
Table S15)
949 15, 15,3
1d. Oahu 1579 215 (Figs. 510-s12;  (F1gs-S18- 2939 basalticlavaand OIB;OI  Jackson etal. (1999)
Table S16) S14; Table dike rocks
S17)
2. Trindade Island 2412, 0412,0 24003 diferent tvoes of
(southern Atlantic 2. Trindade -29.3 -20.5 (Figs. S15- S17; (Sllg's.'l'able - <0.27-3.6 alkalic X)‘st OIB; CR+0I Marques et al.(1999)
Ocean) Table S18) .
S19)
Expected tectonic setting: Ocean Island or Continental rift
3. Antarctica (Ross . 168.0 -78.0 22, 22,22 . Cooper et al. (2007)
Séa) 3. White Island ' ' (Figs. S20- S23; --- 0.17-7.65 Alkali rocks CRB; OIB '
Table S20)
24,20, 20
4. Antarctica 4. McMurdo Sound 166.9 78 (Figs. S24- S27, 15.9-184 drill core glasses oIB Nyland et al. (2013)
Table S21)
Expected tectonic setting: Continental rift
8+8, 8+7, 8+7
5. Spain > oanova, I 25 42 (Figs. S28- S31; 0.7-0.0115 alkaline rocks CRB Cebri et al. (2000)
P Table 522)
9+30, 9+30, 9+30 : : :
6. Austria 6. Styrian basin 144 475 (Figs. S32- S35: Quaternary Styrl';‘\'/‘ats’as'” CRB Alietal. (2013)
Table S18)
14,0, 14 Eruptions of
7. Cameroon 7. Mount Cameroon 9.2 4.2 (Figs. S36- S38; --- years 1999 and Lava flow CRB Suhetal. (2003)
Table S18) 2000
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27,0, 27

8. Madagascar 8. Nosy Be Archipelago 483 133 (Figs. S39- 541, - 7-10 Mafic alkaline CRB Melluso and Morra (2000)
rocks
Table S25)
9. Inner Mongolia 880
- golia, g Tianheyong 114.0 41.0 (Figs. S42- S44; - 21.7+1.7 basanites CRB; OIB Yang et al. (2009)
China
Table S26)
. 10. Halaha volcanic 14,14, 14
ggs‘tg:hma (north- field, Central Great 1205 415 (Figs. S45- S48; - 0.17-2.04 basalt CRB Ho et al. (2013)
Xing‘an Range Table S27)
Expected tectonic setting: Continental arc
9,9,9
- - (Figs. rhyodacitic to
11. Aleutianarc, ~ 11. Aniakchak 1581 569 $49- S52; 0.0034 andesitic CA Dreher et al. (2005)
Alaska ignimbrite T
Table ignimbrite
S28)
12a. Fuego volcanic 9,0,0 Recent Chesner and Rose Jr.
complex -90.9 145 (Table S29) eruptions lava CA (1984)
) 40,0,0 Quaternary
12. Guatemala 12h. Meseta Volcano 90.7 14.6 (Table S30) lava CA Chesner and Halsor (1997)
- 17, 17,17
12c. Santiaguito 18,5, 18 L CA; IAor
volcanic dome complex -91.6 14.8 (Table $31) ('Is'gg;e 0.000112 lava CA-Col Scott et al.(2013)
. 13. Huequi volcano 9,90 .
13. Chile dome complex 72.6 42.5 (Table $33) 0.000123 lava CA Watt et al. (2011)
14. Greece 14. Nisyros Island, 27 36.6 16,0,0 1('1|"a%lg Quaternar volcanic rocks CA Di Paola (1974)
' Dodecanese ' (Table S34) $35) Y
Expected tectonic setting: Island arc
15. Aleutian arc 15. Augustine Island -153.4 59.36 - 21,0,0 - 6.0 volcanic rocks 1A Johnson et al. (1996)
: -Aug : : (Table S36) : :
25,11, 24 21,21,9 . Chandrasekharam et al.
16a. Barren Island 93.85 12.29 (Table S37) (Table S38) Quaternary volcanic rocks Arc (2009); Streck et al. (2011)
16. Andaman-
Nicobar Islands 8.0.0
10, 8,8 . . Pal et al. (2007); Streck et
16b. Narcondam Island 94.28 13.43 (Table S39) (;jg;e Quaternary volcanic rocks 1A al. (2011)
Expected tectonic setting: Mid-ocean ridge
) 17. Indian Ridge i 33,32,33 [14, 14, 14] i .
17. Indian Ocean (central) 66 14 (Table S41) ) Quaternary basaltic rocks MORB Yi et al. (2014)

XVii



Expected tectonic setting: Collision

) . 13,9,13 ) ; i
18. Armenia 18. Shirak area 43.9 40.9 (Table $42) 2.5-4.6 volcanic rocks Col Neill et al. (2013)

B—basic rock; U—ultrabasic rocks : m1—first set of major element based diagrams (Agrawal et al. 2004); m2—second set of major element based diagrams (Verma et al. 2006); t1—first set of trace element based
diagrams (Agrawal et al. 2008); t2—second set of trace element based diagrams (Verma and Agrawal 2011); I-set of intermediate rocks based diagrams (Verma and Verma 2013); A-set of acid rocks based diagrams
(Verma et al. 2012; Verma et al. 2013); m— major elements mt—(immobile) major and trace elements; t—(immobile) trace elements, for each set respectively; --- no sample; note less than five (an arbitrarily set lower
number) samples are not considered for evaluation. Inferred tectonic setting: Arc—island or continental arc; CRB—continental rift for basic rocks; OIB—ocean island for basic rocks; MORB—mid-ocean ridge for basic

rocks, IA—Island Arc, CA—Continental Arc, CR—continental rift; Ol-ocean island; CR+OI-within-plate; Col—Collision.
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Table S13

Synthesis of the compilation of hydrothermally altered rock samples used in the present study for testing of discrimination diagrams (8 application studies).

Approximate

Number of Samples*

Test study location (Table no. for results) Age and rock type Inferred
_ _ .Y | A Tectonic Reference
Region Sub-region Long. (°) Lat. (°) Age (Ma) Author rock type setting
ml/ m2,t1, t2 m, mt, t m, mt, t
Expected tectonic setting: Ocean Island
Al. Marquesas . 24+1,0, 24+1 hydrothermally
Islands ALl. Eaio Island -140.67 -7.98 (Table $43) --- 4.95-5.52 altered rocks (0]]2] Caroff et al. (1999)
A2. Hawaiian A2. Haleakala, Koolau, ) 4+5,0,0 0.35-4 spheroidal .
Islands and Kohala volcanoes 156 20 (Table S44) weathering CRB Patino et al. (2003)
Expected tectonic setting: Ocean Island or continental rift
A3. Hainan Island, . 109.5 19.8 13,4,4 10, 3,3 slightly to .
China A3. Hainan Island (Table $45)  (Table S46) 13-Holocene intensely altered CRB; WP Wang et al. (2012)
Expected tectonic setting: Continental arc
probably .

A4. Guatemala Ad. Moyuta and -90.43 14.16 7,00 Pliocene- spheron_jal CA Patino et al. (2003)

Tecuamburro volcanoes (Table s47) - weathering

Pleistocene
Expected tectonic setting: Island or continental arc
. Ab. Sarapiqui Miocene 84.23 10.77 10, 3,10 14, 14,3 B .
Ab. Costa Rica arc . . (Table S48) (Table $49 4,4,1 11.4-22.2 altered rocks Arc; 1A Gazel et al. (2005)
. drill hole
A6. New Zealand Qgr.];'aupo Volcanic 176.18  -38.65 (Tif)’lf’sgo) >0.33 hydrothermally IA Browne et al. (1992)
altered rocks
Expected tectonic setting: Mid-ocean ridge

A7a.SE Indian and SW 110to  -40 to 9,7,9 altered and fresh
A7. Indian and Pacific seafloor 160 -60 (Table S51) 0-4 and 15-23 rocks MORB Pyle etal. (1995)
Pacific Oceans A7b. central Indian -8to0 26+2, 17,20 altered and fresh .

Ridge 66 17 (Table $52) [4,3,3] Quaternary rocks MORB Yietal (2014)

Expected tectonic setting: collision

A8. Stromboli volcano, 7,37 10, 10, 10 T

A8. Italy Acolian Island 14.92 38.49 (Table S53)  (Table S54) Quaternary buchite ejecta Col Del Moro et al. (2011)

For more explanation, see footnote of Table S12.
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Table S14.

Testing of multidimensional diagrams from Quaternary (0.1-0.4Ma) basic and ultrabasic rocks of Mauna Loa, Hawaii (Rhodes and Vollinger,

2004; Test study 1b).

Predicted tectonic affinity and number of discriminated

) ] S Total no. of
Figure reference; figure type Discrimination diagram samples (%)
samples (%)
IAB CRB+0OIB CRB oiB MORB
IAB-CRB-OIB-MORB 45 (100) 0(0) 2 (4.5) 38(84.4) 5(11.1)
) ) IAB-CRB-OIB 45 (100) 0(0) 1(2.2) 44 (97.8)
Agrawal et al. (2004); adjusted major
. IAB-CRB-MORB 45 (100) 0(0) 23(51.1) 22 (48.9)
element concentrations
IAB-OIB-MORB 45 (100) 0(0) 45 (100) 0 (0)
CRB-0OIB-MORB 45 (100) 0(0) 44 (978) 1(2.2)
Test study 1b. Synthesis of all five diagrams of Agrawal et al. (2004) 225 (100) 0 (0) - 26 (11.6) 171(76.0) 28 (12.4)
IAB-CRB-OIB-MORB 45 (100) 0(0) 0(0) 37(82.2) 8(17.8)
) ) IAB-CRB-OIB 45 (100) 0(0) 0(0) 45 (100)
Verma et al. (2006); log-ratios of major
| ) IAB-CRB-MORB 45 (100) 0 (0) 1(2.2) 44 (97.8)
elements
IAB-OIB-MORB 45 (100) 0 (0) 45 (100) 0(0)
CRB-0OIB-MORB 45 (100) 0(0) 45 (100) 0 (0)
Test study 1b. Synthesis of all five diagrams of Verma et al. (2006) 225(100)  0(0) - 1(04) 172(76.4) 52(23.1)
IAB-CRB+0IB-MORB 45 (100) 0(0) 45(100) 0 (0)
) IAB-CRB-0OIB 45 (100) 0 (0) 0 (0) 45 (100)
Verma and Agrawal (2011); log-ratios of
) ) ) IAB-CRB-MORB 45 (100) 0 (0) 45 (100) 0(0)
immobile major and trace elements
IAB-OIB-MORB 45 (100) 0 (0) 45 (100) 0(0)
CRB-0OIB-MORB 45 (100) 0(0) 45 (100) 0 (0)
Test study 1b. Synthesis of all five diagrams of Verma and Agrawal 225 (100) 0(0) 45(—) 56(249) 169 (75.1) 0(0)

(2011)

IAB-island (or continental) arc basic rock; CRB—continental rift basic rock; OIB—ocean island basic rock; MORB—mid-ocean ridge basic
rock; CRB+OIB—combined continental rift and ocean island, i.e., within-plate (WP) basic rocks; 1A, CR,, OIl, and MOR will be the

corresponding tectonic settings; --- means no samples; the numbers within the parentheses refer to the percent values for the corresponding

number of samples; note, for the calculations of percent synthesis values, the samples plotting in the combined CR+OI field (CRB+OIB

column) are proportionately distributed between the CR and Ol settings.
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Table S15.

Testing of multidimensional diagrams from Quaternary (1.9-2.1Ma) basic and ultrabasic rocks of the Maui Island, Hawaii (Sherrod

et al. 2007; Test study 1c).

Figure

Predicted tectonic affinity and number of discriminated samples

reference; Discrimination diagram ;?;%IIQSO&; (%)
figure type IAB CRB+O0IB CRB oIB MORB

IAB-CRB-OIB-MORB 10 (100) 0 (0) 0 (0) 10 (100) 0 (0)

'é%g";’;?' etal. | AB.CRB-OIB 10 (100) 0(0) 0(0) 10 (100)

adjustéd major IAB-CRB-MORB 10 (100) 0 (0) 9 (90) 1(10)

element

concentrations AB-O1B-MORB 10 (100) 0 (0) 10 (100) 0 (0)
CRB-OIB-MORB 10 (100) 0(0) 10 (100) 0 (0)

Test study 1c. Synthesis of all five .

diagrams of Agrawal et al. (2004) 50 (100) 00) 9(18) 40/(80) 1@)
IAB-CRB-OI1B-MORB 10 (100) 0 (0) 0(0) 9 (90) 1(10)

Verma et al. IAB-CRB-OIB 10 (100) 0 (0) --- 0(0) 10 (100) ---

(2006); log- ) )

ratios of major IAB-CRB-MORB 10 (100) 0 (0) 3 (30) 7 (70)

elements IAB-OIB-MORB 10 (100) 0(0) 10 (100) 0(0)
CRB-0OIB-MORB 10 (100) 0(0) 10 (100) 0 (0)

Test study 1c. Synthesis of all five

diagrams of Verma et al. (2006) 50 (100) 000 o 3(6) 39.(78) 8 (16)

Verma and IAB-CRB+0IB-MORB 10 (100) 0 (0) 9 (90) 1(10)

Agrawal ) ) .

(2011): log- IAB-CRB-OIB 10 (100) 0 (0) 3 (30) 7 (70)

ratios of IAB-CRB-MORB 10 (100) 0 (0) 9 (90) 1(10)

immobile major

and trace ) IAB-OI1B-MORB 10 (100) 0 (0) 9 (90) 1(10)

elements CRB-0OIB-MORB 10 (100) 0 (0) 9 (90) 1(10)

Test study 1c. Synthesis of all five 50 (100) 0(0) 9 () 15 (30) 31 (62) 4(8)

diagrams of Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S16.

Testing of multidimensional diagrams from Quaternary (2.9-3.9 Ma) basic and ultrabasic rocks of the Oahu Island, Hawaii (Jackson

et al. 1999; Test study 1d).

Predicted tectonic affinity and number of

Total no. - (CLLY
) ;. Discrimination diagram of discriminated samples (%)
Figure reference; figure type |
samples  |aAB  CRB+Ol CRB OIB  MORB
(%) B
IAB-CRB-0OIB-MORB 9 (100) 0(0) 0(0) 8(889 1(11.1)
IAB-CRB-0OIB 9 (100) 0(0) 0(0) 9(100)
Agrawal et al. (200_4); adjusted major IAB-CRB-MORB 9(100) 0(0) . 1(11.1) 8 (88.9)
element concentrations
I1AB-OIB-MORB 9 (100) 0(0) 9 (100) 0 (0)
CRB-0OIB-MORB 9(100)  --- 0(0) 9(100) 0 (0)
Test study 1d. Synthesis of all five diagrams of Agrawal et al. (2004) 45 (100) 0 (0) - 1(2) 35 (78) 9 (20)
IAB-CRB-0OIB-MORB 9(100) 0(0) 0(0) 6(66.7) 3(33.3)
IAB-CRB-OIB 9(100) 0(0) 0(0) 9(100)
;gQ;g“‘mma”w*mmsmm“” IAB-CRB-MORB 9(100) 0(0) -  0(0) -  9(100)
IAB-OIB-MORB 9(100) 0(0) 8(88.9) 1(11.1)
CRB-0OIB-MORB 9(100) - 0) 7(77.8) 2(222)
Test study 1d. Synthesis of all five diagrams of Verma et al. (2006) 45 (100) 0 (0) 0 (0) 30(67) 15(33)
IAB-CRB+0IB-MORB 9(100) 0(0) 9 (100) 0 (0)
IAB-CRB-0OIB 9 (100) 0(0) 0(0) 9(100)
Verma _and A_grawal (2011); log-ratios of IAB-CRB-MORB 9.(100) 0(0) 9 (100) 0(0)
immobile major and trace elements
I1AB-OIB-MORB 9 (100) 0(0) 9 (100) 0 (0)
CRB-0OIB-MORB 9(100)  --- 0(0) 9(100) 0 (0)
Test study 1d. Synthesis of all five diagrams of Verma and Agrawal 45(100) 0(0) 9(-) 11(24) 34(76) 0(0)

(2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S17.

Testing of multidimensional diagrams from Quaternary (2.9-3.9 Ma) intermediate rocks of the Oahu Island, Hawaii (Jackson et al.
1999; Test study 1d).

Number of discriminated samples

Magma type, ) nIr?:gler Arc Within-plate CR+OI Collision
FFi;;%ursraenTﬁ;ntfér Flgure type of IA+CAT IA[XtS] cA[XEtS [XESllpwrol® Co[XES
samples XtS] [pia] © 1[pcal © 1[pcal ©®
(Piasca) ©
IA+CA-CR+0OI- 15 [0.777+0.087]
Col 15 ) (0.6282-0.9942) 0(0)
15 [0.763+0.092]
IA-CA-CR+OI 15 - 0(0 0(0 -
Intermediate; ' © © (0.6015-0.9929)
Verma and 15
Verma (2013);  IA-CA-Col 15 [0.7525+0.0444] 0 (0) 0 (0)
log-ratios of all (0.6727-0.8286)
major elements;
y IA-CR+OI-Col 15 0(0) 1(3 %061366—'33515)] 0(0)
15 [0.780+0.084]
CA-CR+OI-Col 15 - - 0(0) (0.6548-0.9940) 0(0)
Test study 1d.
Diagrams based {Zn} {Zprob} 75 {0} {0} {15} {11.2869} {0} {0} {60} {46.7383} {0} {0}
on log-ratios of [Yoprob] [ 0%)] [19%)] [ 0%] [81%)] [ 0%]
major elements
15
'(';JI'CA'CRJrO" 15 0(0) [0.99334:+0.00382] 0(0)
(0.9852-0.9985)
15 [0.9925:0.0050
Céfrr:;e;j;zte; IA-CA-CR+OI 15 0(0) 0(0) (0[.9811-0.9993) ] -
14
Verma (2013);
log-ratios of IA-CA-Col 15 0(0) [0?5%33555] 1(0.6189)
immobile major 0 6604)
and trace '
elements 15
IA-CR+0I-Col 15 0 (0) [0.99229:+0.00366] 0 (0)
(0.9848-0.9976)
15 [0.9764+0.0167]
CA-CR+0I-Col 15 0 (0) (0.9365.0.9973) 0 (0)
Test study 1d.
Diagrams based
on log-ratios of  {Zn} {Zprob; s 0} {0} 0} {0} {7{915‘)‘},:6} (60} {59.3177}  {1}{0.6189}
selected immobile [Yoprob] [ 0%] [ 0%)] 150 [87%] [1%]
major and trace [12%]

elements

[A—island arc; CA—continental arc; IA+CA—combined island and continental arcs, i.e., arc setting; CR—continental rift; Ol-ocean
island; CR+OI —combined continental rift and ocean island, i.e., within-plate (WP) setting; Col—collision; ® the probability values for
samples from a given locality are represented by (piasca) — probability for the combined island and continental arc setting in the first
diagram; [pia] — probability for the island arc setting in the diagrams; [pca] — probability for the continental arc setting in the

diagrams; [pcr+o1] — probability for the combined continental rift and ocean island setting in all diagrams; [pca] — probability for the

collision setting in the diagrams; X+ S— mean + 1SD (standard deviation) of the probability estimates for all samples
discriminated in a given tectonic setting; these are reported in []; the final row gives a synthesis of results as {Xn} {Zprob}
[Yoprob], where {Zn} is the total number of samples or data points plotting in all five diagrams is reported in the column of total
number of samples, whereas the sum of samples plotting in a given tectonic field is reported in the respective tectonic field column;
{Zprob} is the sum of probability values for all samples plotting in a given tectonic field is reported in the respective tectonic field
column; and [%prob] is the total probability of a given tectonic setting expressed in percent after assigning the probability of 1A +

CA to IA and CA (using weighing factors explained in Verma and Verma 2013).
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Table S18.
Testing of multidimensional diagrams from Quaternary (<0.27-3.6 Ma) basic and ultrabasic rocks of Trindade Island, southern
Atlantic Ocean (Marques et al. 1999; Test study 2).

Predicted tectonic affinity and number of discriminated samples

Figure reference; ~ Discrimination diagram Total no. of (%)
figure type samples (%)
IAB CRB+0IB CRB OIB MORB
IAB-CRB-0OIB-MORB 14 (100) 0 (0) 1(7.1) 12(85.8) 1(7.1)
Agrawal et al. IAB-CRB-0OIB 14 (100) 0 (0) 2 (14.3) 12 (85.7)

(2004); adjusted

. IAB-CRB-MORB 14 (100) 0 (0) 14 (100) 0 (0)

major element

concentrations IAB-OIB-MORB 14 (100) 0(0) 13(929) 1(7.1)
CRB-0OIB-MORB 14 (100) 2(14.3) 12 (85.7) 0 (0)

Test study 2. Synthesis of all five diagrams of

Agrawal et al. (2004) 70 (100) 0(0) 19 (27) 49 (70) 2(3)
IAB-CRB-0OIB-MORB 14 (100) 0 (0) 1(7.1) 12(85.8) 1(7.1)

Verma et al. (2006): IAB-CRB-OIB 14 (100) 0 (0) 2(14.3) 12 (85.7)

log-ratios of major IAB-CRB-MORB 14 (100) 0 (0) - 13 (92.9) 1(7.1)

elements IAB-OIB-MORB 14 (100) 0(0) 13(929) 1(7.1)
CRB-OIB-MORB 14 (100) 1(7.1) 12(85.8) 1(7.1)

Test study 2. Synthesis of all five diagrams of N

Verma et al. (2006) 70 (100) 0 (0) 17 (24) 49 (70) 4 (6)
IAB-CRB+0IB-MORB 13 (100) 0(0) 13 (100) 0(0)

Agrawal et al. IAB-CRB-OIB 13 (100) 0(0) 6 (46.2) 7(53.8)

(2008); log-ratios of DR

immobile trace IAB-CRB-MORB 13 (100) 0(0) 13 (100) 0(0)

elements IAB-OIB-MORB 13 (100) 0 (0) 13 (100) 0(0)
CRB-0OIB-MORB 13 (100) 1(7.7) 12 (92.3) 0(0)

Test study 2. Synthesis of all five diagrams of 65 (100) 0(0) 13 () 25 (38) 40 (62) 0(0)

Agrawal et al. (2008)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S19.

Testing of multidimensional diagrams from Quaternary (<0.27-3.6 Ma) intermediate rocks of the Trindade Island (Marques et al. 1999; Test

study 2).

Number of discriminated samples

Maama tvoe. Fiqure Fiqure Total Arc Within-plate CR+OlI [ Collision  Col
gma Ype, F19 g number of IA+CA| IA] Y+ X=+S X+s
name type samples ‘A _ CA[ X X S][pcal T 5] [pcr+or] © [XES5][pca] ©
X+tS] XtS] )
(pia+ca) © [pia] ©
IA+CA-
23[0.86320.177]
g§|+0|- 24 1(0.4915) (0.4372.0.9981) 0(0)
IA-CA- 2 [0.4920£0.0240] 21[0.88720.151]
ntermediate: \/ CR+OI 24 1(0.4582) (0.4750, 0.5089) (0.4579-0.9941)
ntermediate; verma
’ IA-CA- 15 [0.718+0.095 8 [0.605+0.152
and Verma (2013); log- 24 1(04845) " [5470-0 8654)] (0[4006-0 7849%
ratios of all major A ' ' ' '
elements y 19 [0.920+0.063] 4 [0.4938+0.0346]
cRrOl 24 1(0.5906) (0.7475-0.9980) (0.4482-0.5291)
CA-
) 19[0.8070.121] 4 [0.484+0.046]
ol 24 1(0.4758) (0.5207-0.9909) (0.4387-0.5428)
Test study 2. Diagrams Zn} {1} {3}
based on log-ratiosof  /proby 120 {o4915) (15333  118}{122%47) 62} {71.2933) {163 {8.7540}
major elements [%prob] (-] [1.7%] [13.4%] [75.6%] [9.3%]
IA+CA-
- 13 [0.98110.0109]
g(F)T’O' 13 00 (0.9560-0.9946) 0(0)
IA-CA- 13 [0.99727+0.00412]
e CRYOI 13 0(0) 0(0) (0.9857-0.9997)
ntermediate; Verma an CAL
Verma (2013); log-ratios IC':AC)ICA 13 0(0) 0(0) 13(0[09(‘1);;% 890626?)8]
of immobile trace ’ ’
elements 2 13 [0.96780.0147
CR+OI- 13 0(0) (o[ b0 0 0870 ] 0(0)
Col ' '
CA-
13 [0.9266+0.0329]
gsl*o" 13 0(0) (0.8669-0.9706) 0(0)
Test study 2. Diagrams {Zn}
based on log-ratios of {Zprob} 65 {0(})(30} {O(})(iO} {O(})OiO} {52} 5350%}3470} {13} {21620)7086}
immobile trace elements  [%prob] [ 0%] [ 0%] [ 0%] [80%] [20%]

For the explanation of abbreviations, see footnote of Table S17.
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Table S20.
Testing of multidimensional diagrams from Neogene-Quaternary (0.17-7.65Ma; Pliocene-Pleistocene) basic rocks from White
Island, Ross Sea, Antarctica (Cooper et al. 2007; Test study 3).

Figure reference;  Discrimination diagram  Total no. of  Predicted tectonic affinity and number of discriminated samples (%)
figure type samples (%)

IAB CRB+OIB CRB (0]]=] MORB
Agrawal et al. IAB-CRB-OIB-MORB 22 (100) 0(0) 4(18.2) 18(81.8) 0(0)
(2004); adjusted
major element IAB-CRB-0OIB 22 (100) 0 (0) - 14 (636) 8 (364) ===
concentrations |AB-CRB-MORB 22 (100) 0(0) . 22 (100) 0(0)
IAB-OIB-MORB 22 (100) 0 (0) 22(100) 0(0)
CRB-OIB-MORB 22 (100) 9(409)  13(59.1) 0(0)
Test study 3. Synthesis of all five diagrams of 110 (100) 0(0) — 49 (44.5) 61 (55.5) 0(0)

Agrawal et al. (2004)

Verma et al. (2006); IAB-CRB-OIB-MORB 22 (100) 0 (0) - 8(36.4) 14 (63.6) 0(0)

log-ratios of major

elements IAB-CRB-0OIB 22 (100) 0(0) --- 12 (54.5) 10 (455) ---
IAB-CRB-MORB 22 (100) 0(0) 22 (100) 0(0)
IAB-OIB-MORB 22 (100) 0 (0) 22 (100)  0(0)
CRB-OIB-MORB 22 (100) 11 (50) 11 (50) 0(0)

Test study 3. Synthesis of all five diagrams of 110 (100) 0(0) . 53 (48.2) 57 (51.8) 0 (0)

Verma et al. (2006)

Agrawal et al. IAB-CRB+0IB-MORB 22 (100) 0(0) 22 (100) - --- 0(0)
(2008); log-ratios of
immobile trace IAB-CRB-OIB 22 (100) 0(0) 21(955)  1(45)
| t
elements IAB-CRB-MORB 22 (100) 0(0) 22(100) - 0(0)
IAB-OIB-MORB 22 (100) 0 (0) 22 (100)  0(0)
CRB-OIB-MORB 22 (100) 14 (636) 8(36.4) 0(0)

Test study 3. Synthesis of all five diagrams of

Agrawal et al, (2008) 110 (100) 0(0) 22 () 71(645)  39(35.5) 0(0)

Verma and Agrawal  IAB-CRB+OIB-MORB 22 (100) 0(0) 22 (100) 0(0)

(2011); log-ratios of

immobile major and |AB-CRB-OIB 22 (100) 0(0) 3(13.6) 19 (86.4) ---

t lement

race elements IAB-CRB-MORB 22 (100) 0 (0) 22 (100) - 0 (0)
IAB-OIB-MORB 22 (100) 0 (0) 22 (100)  0(0)
CRB-OIB-MORB 22 (100) 3(13.6) 19 (86.4) 0 (0)

Test study 3. Synthesis of all five diagrams of 110 (100) 0(0) 22 () 35 (31.8) 75(68.2)  0(0)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S21.
Testing of multidimensional diagrams from Miocene (15.91-18.41 Ma) drill core basic volcanic glass samples of the McMurdo Sound
area, Antarctica (Nyland et al. 2013; Test study 4).

Figure reference;  Discrimination diagram  Total no. of  Predicted tectonic affinity and number of discriminated samples (%)
figure type samples (%)

IAB CRB+0OIB CRB (0]]=] MORB

Agrawal et al. IAB-CRB-0OIB-MORB 24 (100) 0(0) --- 6 (25) 18 (75) 0(0)

(2004); adjusted

major element IAB-CRB-0OIB 24 (100) 0 (0) - 6 (25) 18 (75) ===

concentrations |AB-CRB-MORB 24 (100) 0(0) - 24 (100) 0(0)
IAB-OIB-MORB 24 (100) 0(0) 24 (100)  0(0)
CRB-OIB-MORB 24 (100) --- --- 8 (33.3) 16 (66.7) 0 (0)

Test study 4. Synthesis of all five diagrams of

Agrawal et al. (2004) 120 (100) 0 (0) - 44 (36.7) 76 (63.3) 0(0)

Verma et al. (2006); IAB-CRB-OIB-MORB 24 (100) 0(0) - 6 (25) 18 (75) 0 (0)

log-ratios of major

elements IAB-CRB-0OIB 24 (100) 0 (0) --= 6 (25) 18 (75) -
IAB-CRB-MORB 24 (100) 0 (0) - 24 (100) 0 (0)
IAB-OIB-MORB 24 (100) 0 (0) 24 (100)  0(0)
CRB-0OIB-MORB 24 (100) --- - 7 (29.2) 17 (70.8) 0(0)

Test study 4. Synthesis of all five diagrams of

Verma et al. (2006) 120 (100) 0 (0) - 43 (35.8) 77 (64.2) 0(0)

Agrawal et al. IAB-CRB+0IB-MORB 20 (100) 0 (0) 20 (100) --- --- 0(0)

(2008); log-ratios of

immobile trace IAB-CRB-0IB 20 (100) 0 (0) - 14 (70) 6 (30) ===

| t

elements IAB-CRB-MORB 20 (100) 0 (0) 20 (100) - 0(0)
IAB-OIB-MORB 20 (100) 0 (0) 20 (100)  0(0)
CRB-0OIB-MORB 20 (100) --- - 10 (50) 10 (50) 0 (0)

Test study 4. Synthesis of all five diagrams of

Agrawal et al. (2008) 100 (100) 0 (0) 20 (---) 55 (55) 45 (45) 0 (0)

Verma and Agrawal  IAB-CRB+OIB-MORB 20 (100) 0 (0) 20 (100) --- --- 0(0)

(2011); log-ratios of

immobile major and |AB-CRB-OIB 20 (100) 0(0) - 1(5) 19 (95) -

t | t

face elements IAB-CRB-MORB 20 (100) 0 (0) 20 (100) - 0 (0)
IAB-OIB-MORB 20 (100) 0 (0) 20 (100)  0(0)
CRB-OIB-MORB 20 (100) --- - 1(5) 19 (95) 0 (0)

Test study 4. Synthesis of all five diagrams of 100 (100) 0(0) 20 (--) 28 (28.0) 72 (72.0)  0(0)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S22.
Testing of multidimensional diagrams from Quaternary (0.70-0.0115 Ma) basic rocks of Garrotxa, NE Volcanic province, Spain
(Cebria et al. 2000; Test study 5).

Figure reference;  Discrimination diagram  Total no. of  Predicted tectonic affinity and number of discriminated samples (%)
figure type samples (%)

IAB CRB+0OIB CRB (0]]=] MORB

Agrawal et al. IAB-CRB-OIB-MORB 16 (100) 0(0) - 14 (88) 2(12) 0(0)

(2004); adjusted

major element IAB-CRB-0OIB 16 (100) 0 (0) === 16 (100) 0 (0) -

concentrations |AB-CRB-MORB 16 (100) 0(0) . 16 (100) 0(0)
IAB-OIB-MORB 16 (100) 1(6) 10 (63) 5(31)
CRB-OIB-MORB 16 (100) 16 (100) 0(0) 0(0)

Test study 5. Synthesis of all five diagrams of

Agrawal et al. (2004) 80 (100) 1(1) - 62 (78) 12 (15) 5 (6)

Verma et al. (2006); IAB-CRB-OIB-MORB 16 (100) 0(0) --- 16 (100) 0 (0) 0 (0)

log-ratios of major

elements IAB-CRB-0OIB 16 (100) O (O) - 16 (100) 0 (0) ===
IAB-CRB-MORB 16 (100) 0(0) 16 (100) 0(0)
IAB-OIB-MORB 16 (100) 0 (0) 15(93.8)  1(6.2)
CRB-OIB-MORB 16 (100) 16 (100) 0(0) 0 (0)

Test study 5. Synthesis of all five diagrams of

Verma et al. (2006) 80 (100) 0(0) - 64 (80) 15 (19) 1(2)

Agrawal et al. IAB-CRB+0IB-MORB 15 (100) 0 (0) 15 (100) --- --- 0(0)

(2008); log-ratios of

immobile trace IAB-CRB-OIB 15 (100) 0(0) --- 14 (93.3) 1(6.7)

| t

elements IAB-CRB-MORB 15 (100) 0(0) 15 (100) 0(0)
IAB-OIB-MORB 15 (100) 0(0) 15 (100) 0(0)
CRB-0OIB-MORB 15 (100) - - 7 (46.7) 8 (53.3) 0 (0)

Test study 5. Synthesis of all five diagrams of

Agrawal et al. (2008) 75 (100) 0 (0) 15 (---) 45 (60) 30 (40) 0 (0)

Verma and Agrawal  IAB-CRB+OIB-MORB 15 (100) 0 (0) 15 (100) --- --- 0(0)

(2011); log-ratios of

immobile major and AB-CRB-OIB 15 (100) 0(0) --- 8 (53.3) 7 (46.7) -—-

t | t

face elements IAB-CRB-MORB 15 (100) 0(0) 15 (100) 0(0)
IAB-OIB-MORB 15 (100) 0(0) 15 (100) 0(0)
CRB-OIB-MORB 15 (100) - - 14 (93.3) 1(6.7) 0 (0)

Test study 5. Synthesis of all five diagrams of 75 (100) 0(0) 15 () 46 (61) 29 (397) 0(0)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S23.
Testing of multidimensional diagrams from Quaternary (1.9-2.4 Ma) basic rocks from the Styrian basin, Austria (Ali et al. 2013; Test
study 6).

Figure reference;  Discrimination diagram  Total no. of  Predicted tectonic affinity and number of discriminated samples (%)
figure type samples (%)

IAB CRB+0IB CRB (0]]=] MORB

Agrawal et al. IAB-CRB-OIB-MORB 39 (100) 18 (46.2) --- 21 (53.8) 0 (0) 0(0)

(2004); adjusted

major element IAB-CRB-0OIB 39 (100) 0 (0) === 39 (100) 0 (0) -

concentrations |AB-CRB-MORB 39 (100) 0(0) . 39 (100) 0(0)
IAB-OIB-MORB 39 (100) 0(0) 1(26)  38(97.4)
CRB-OIB-MORB 39 (100) 39 (100) 0(0) 0(0)

Test study 6. Synthesis of all five diagrams of

Agrawal et al. (2004) 195 (100) 18 (9.2) - 138 (70.8) 1(0.5) 38 (19.5)

Verma et al. (2006); IAB-CRB-OIB-MORB 39 (100) 0(0) --- 39 (100) 0 (0) 0 (0)

log-ratios of major

elements IAB-CRB-0OIB 39 (100) O (O) - 39 (100) 0 (0) ===
IAB-CRB-MORB 39 (100) 0(0) 39 (100) 0(0)
IAB-OIB-MORB 39 (100) 0 (0) - - 15 (38.5) 24 (61.5)
CRB-OIB-MORB 39 (100) 39 (100) 0(0) 0 (0)

Test study 6. Synthesis of all five diagrams of

Verma et al. (2006) 195 (100) 0 (0) - 156 (80) 15 (7.7) 24 (12.3)

Agrawal et al. IAB-CRB+0IB-MORB 39 (100) 0 (0) 39 (100) --- --- 0(0)

(2008); log-ratios of

immobile trace IAB-CRB-OIB 39 (100) 0(0) --- 39 (100) 0(0)

| t

elements IAB-CRB-MORB 39 (100) 0(0) 39 (100) 0(0)
IAB-OIB-MORB 39 (100) 0(0) 39 (100) 0(0)
CRB-0IB-MORB 39 (100) -—- - 39 (100) 0 (0) 0 (0)

Test study 6. Synthesis of all five diagrams of

Agrawal et al. (2008) 195 (100) 0 (0) 39 (---) 146 (74.9) 49 (25.1) 0 (0)

Verma and Agrawal  IAB-CRB+OIB-MORB 39 (100) 0 (0) 39 (100) --- --- 0(0)

(2011); log-ratios of

immobile major and AB-CRB-OIB 39 (100) 0(0) - 39 (100) 0(0) -

t | t

face elements IAB-CRB-MORB 39 (100) 0 (0) 39 (100) 0 (0)
IAB-OIB-MORB 39 (100) 0(0) 19(48.7)  20(51.3)
CRB-0OIB-MORB 39 (100) -—- - 39 (100) 0 (0) 0 (0)

Test study 6. Synthesis of all five diagrams of 195 (100) 0(0) 39 () 151 (77.4) 24 (12.3)  20(10.3)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S24.
Testing of multidimensional diagrams from Recent (years 1999 and 2000 eruptions) basic rocks of the Mount Cameroon, Cameroon (Suh et
al. 2003; Test study 7).

Total no.  Predicted tectonic affinity and number of discriminated

Figure reference; figure type Discrimination diagram san?gles samples (%)
(%) IAB  CRB+OIB CRB olIB MORB
IAB-CRB-OIB-MORB 14 (100) 0(0) --- 7 (50) 7 (50) 0 (0)
IAB-CRB-OIB 14 (100) 0(0) -- 12(86)  2(14)
Agrawal et al. (200_4); adjusted major IAB-CRB-MORB 14(100) 0(0) - 14 (100) - 0(0)
element concentrations
IAB-OIB-MORB 14 (100) 0(0) -- 14 (100) 0 (0)
CRB-OIB-MORB 14 (100) --- 8 (57) 6 (43) 0 (0)
Test study 7. Synthesis of all five diagrams of Agrawal et al. (2004) 70 (100) 0(0) --- 41 (59) 29 (41) 0 (0)
IAB-CRB-OIB-MORB 14 (100) 0(0) -- 5 (36) 9 (64) 0(0)
IAB-CRB-OIB 14 (100) 0(0) -- 8 (57) 6 (43)
verma etal. (2006); log-ratios of major  zp cRB-MORB 14(100) 0(0) -~ 14 (100) - 0 (0)
IAB-OIB-MORB 14 (100) 0(0) --- 14 (100) 0 (0)
CRB-OIB-MORB 14 (100) --- 12(86)  2(14) 0(0)
Test study 7. Synthesis of all five diagrams of Verma et al. (2006) 70(100) 0(0) --- 39 (56) 31 (44) 0 (0)
IAB-CRB+OIB-MORB 14 (100) 0(0) 14 (100) 0(0)
IAB-CRB-OIB 14 (100) 0(0) --- 14 (100) 0 (0)
?%”;%ﬁg%g%’f‘ﬂ Ef;tlgl‘e'fn%:f;'os of  |AB-CRB-MORB 14(100) 0(0) - 14(100) - 0(0)
IAB-OIB-MORB 14 (100) 0(0) --- 14 (100) 0 (0)
CRB-OIB-MORB 14 (100) - 14 (100) 0 (0) 0(0)

Test study 7. Synthesis of all five diagrams of Verma and Agrawal

(2011) 70(100) 0(0) 14(~)  52(74)  18(26) 0(0)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S25.
Testing of multidimensional diagrams from Miocene (7-10 Ma) basic rocks of the Nosy Be Archipelago, Madagascar (Melluso and Morra, 2000;
Test study 8).

Discrimination Total no. Predicted tectonic affinity and number of discriminated
Figure reference; figure type diagram of samples samples (%)
(%) IAB  CRB+OIB  CRB olB MORB
IAB-CRB-OIB-MORB 27 (100) 0 (0) 3(11)  23(85)  1(4)
IAB-CRB-OIB 27(100)  0(0) 26(96) 1(4)
Agrawal et al. (20Q4); adjusted major IAB-CRB-MORB 27(100) 0 (0) 27 (100) - 0(0)
element concentrations
IAB-OIB-MORB 27(100) 0 (0) 16 (59) 11 (41)
CRB-OIB-MORB 27 (100) - 20 (74)  7(26) 0(0)
Test study 8. Synthesis of all five diagrams of Agrawal et al. (2004) 135 (100) 0 (0) --- 76 (56.3) 47 (34.8) 12(8.9)
IAB-CRB-OIB-MORB 27 (100) 0 (0) 11(41) 15(6) 1(4)
IAB-CRB-OIB 27 (100)  0(0) 22(82) 5(18)
verma et al. (2006); log-atios of major IAB-CRB-MORB  27(100) 0(0) - 26(96) - 1(4)
IAB-OIB-MORB 27(100)  0(0) 17(63) 10 (37)
CRB-OIB-MORB 27 (100) - 25(92) 1(4) 1(4)
Test study 8. Synthesis of all five diagrams of Verma et al. (2006) 135(100) 0(0) 84 (62.2) 38(28.1) 13(9.6)
VB rOIB 27(100) 0(0)  27(100) - 0(0)
Verma and Agrawal (2011); log-ratios of IAB-CRB-OIB 271(100)  0(0) o 26(%6) 14
immobile major and trace elements IAB-CRB-MORB 27 (100) 0(0) - 27 (100) --- 0(0)
IAB-OIB-MORB 27 (100)  0(0) 27 (100) 0 (0)
CRB-OIB-MORB 27 (100) - 26 (96) 1(4) 0(0)

Test study 8. Synthesis of all five diagrams of Verma and

Agrawal (2011) 135 (100) 0 (0) 27(--)  99(73.3) 36(26.7) 0(0)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S26.

Testing of multidimensional diagrams from Miocene (21.7 Ma) basic rocks of the Tianheyong region, Mongolia China (Yang et al.

2009; Test study 9).

Predicted tectonic affinity and number of discriminated samples

Figure reference; ~ Discrimination diagram Total no. of (%)
figure type samples (%)
IAB CRB+0IB CRB oIiB MORB

IAB-CRB-OIB-MORB 8 (100) 0(0) 7 (88) 1(12) 0 (0)

Agrawal et al. IAB-CRB-0OIB 8 (100) 0 (0) - 7 (88) 1(12)

(2004); adjusted IAB-CRB-MORB 8 (100) 0(0) 8(100) - 0(0)

major element

concentrations IAB-OIB-MORB 8 (100) 0 (0) 6 (75) 2 (25)
CRB-0OIB-MORB 8 (100) 7(88) 1(12) 0 (0)

Test study 9 Synthesis of all five diagrams of .

Agrawal et al. (2004) 40 (100) 0(0) 29 (73) 9(22) 2 (5)
IAB-CRB-OIB-MORB 8 (100) 0(0) 7 (87.5) 1(125)  0(0)

Verma et al. (2006); IAB-CRB-OIB 8 (100) 0(0) 7 (87.5) 1(125) -

log-ratios of major IAB-CRB-MORB 8 (100) 0 (0) 8 (100) 0 (0)

elements IAB-OIB-MORB 8 (100) 2 (25) 6(75)  0(0)
CRB-OIB-MORB 8 (100) 7(87.5) 1(125) 0(0)

Test study 9. Synthesis of all five diagrams of

Verma et al. (2006) 40 (100) 2(5) 29 (73) 9(22) 0 (0)
IAB-CRB+OIB-MORB 8 (100) 0(0) 8 (100) 0 (0)

Agrawal et al. IAB-CRB-0OIB 8 (100) 0 (0) - 0 (0) 8 (100) ---

(2008); log-ratios of ) ) N

i mohile irace IAB-CRB-MORB 8 (100) 0(0) 8 (100) 0 (0)

elements IAB-OIB-MORB 8 (100) 0(0) 8(100)  0(0)
CRB-0OIB-MORB 8 (100) 0(0) 8 (100) 0 (0)

Test study 9. Synthesis of all five diagrams of (100) 0(0) 8 () 10 (25) 30 (75) 0(0)

Agrawal et al. (2008)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S27.
Testing of multidimensional diagrams from Quaternary (0.17-2.04 Ma) basic rocks of the Halaha volcanic field, Central Great Xing
‘an Range, NE China (Ho et al. 2013; Test study 10).

Figure reference; Discrimination diagram  Total no. of  Predicted tectonic affinity and number of discriminated samples (%)

figure type samples (%)

IAB CRB+0OIB CRB (0]]=] MORB

Agrawal et al. IAB-CRB-0IB-MORB 14 (100) 0 (0) --- 11 (79) 3(21) 0(0)

(2004); adjusted

major element IAB-CRB-0IB 14 (100) 0 (0) - 12 (86) 2(14)

concentrations |AB-CRB-MORB 14 (100) 0(0) N 12 (86) 2 (14)
IAB-OIB-MORB 14 (100) 0(0) 8 (57) 6 (43)
CRB-0OIB-MORB 14 (100) 12 (86) 2(14) 0(0)

Test study 10. Synthesis of all five diagrams of

Agrawal et al. (2004) 70 (100) 0 (0) - 47 (67) 15 (22) 8 (11)

Verma et al. (2006); IAB-CRB-OIB-MORB 14 (100) 0 (0) --- 11 (79) 3(21) 0 (0)

log-ratios of major

elements IAB-CRB-0OIB 14 (100) 0 (0) - 12 (86) 2 (14) -
IAB-CRB-MORB 14 (100) 0 (0) - 14 (100) 0 (0)
IAB-OIB-MORB 14 (100) 0 (0) 3(21) 11(79)
CRB-OIB-MORB 14 (100) 13 (93) 1(M) 0(0)

Test study 10. Synthesis of all five diagrams of

Verma et al. (2006) 70 (100) 0 (0) - 50 (71) 9 (13) 11 (16)

Agrawal et al. IAB-CRB+0IB-MORB 14 (100) 5 (36) 9 (64) 0(0)

(2008); log-ratios of

immobile trace IAB-CRB-OIB 14 (100) 5 (36) - 6 (43) 3(21) ---

| t

elements IAB-CRB-MORB 14 (100) 5 (36) 9 (64) 0(0)
IAB-OIB-MORB 14 (100) 5 (36) 9 (64) 0(0)
CRB-0IB-MORB 14 (100) - - 10 (71) 4 (29) 0 (0)

Test study 10. Synthesis of all five diagrams of

Agrawal et al. (2008) 70 (100) 20 (28) 9(-) 30 (44) 20 (28) 0(0)

Verma and Agrawal  IAB-CRB+0OIB-MORB 14 (100) 0(0) 9 (64) -- - 5(36)

(2011); log-ratios of

immobile major and |AB-CRB-OIB 14 (100) 5(36) - 9 (64) 0(0) -

t | t

race elements IAB-CRB-MORB 14 (100) 0(0) 9(64) 5(36)
IAB-OIB-MORB 14 (100) 0(0) 9 (64) 5 (36)
CRB-OIB-MORB 14 (100) 9 (64) 0(0) 5 (36)

Test study 10. Synthesis of all five diagrams of 70 (100) 5(7) 9 () 34 (49) 11 (16) 20(28)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S28.

Testing of multidimensional diagrams from Holocene (0.0034 Ma) acid rocks of the Aniakchak area, Aleutian arc, Alaska
(Dreher et al. 2005; Test study 11).

Number of discriminated samples

I\/Itsggna ) nIr?]ter Arc Within-plate Collision
Figure ~ riguretype of IA+CA[ A[XES] cA[XES] creoIi[XES  coa[X£S$]
name samples XtS] [Pia] © [Pcal © 1 [Pcreo1] © [Pco] ©
(Piatca) ©
IA+CA-CR— 90.820£0.071]
9 0(0) 0(0)
Caol (0.6983-0.9389)
90.707+0.078]
- IA-CA-CR 9 0(0) (0.6024.0.8058) 0(0)
Verma et al. 9
(2012); log-  IA-CA-Col 9 0(0) [0.8195+0.0384] 0(0)
ratios of all (0.7657-0.8627)
major 8[0.486+0.091]
oloments IA-CR-Col 9 1(0.8659) (0.2004.06456) 0(0)
9
CA-CR-Cal 9 [0.8965+0.0422] 0(0) 0(0)
(0.8143-0.9415)
Test study 11.
Diagrams
based on log- {2} {Zprob} 5 (9} {7.3795} (1}{0.8659) {27} {21.8069} (8} {3.8874} {0} {0}
ratios of [%prob] [4%] [85%] [11%] [ 0%]
n;ajor
elements
5
IA+CA- 40.663+0.116]
CR+OI-Col 9 (0.5457-0.8222) [(% 54%;%*8 g;‘gg)] 00)
3
Acid; IA-CA- 6 [0.559+0.137] 3
Vermactal  CR+OI 9 00 (0.4338-0.8235) [(%ii‘;i-gglzfg)]
Cosbtan  1AGAGOl 9 0(0) 9[0.7270061 0(0)
major (0.6606-0.8411)
eloments IA-CR+OI- 9 [0.688+0.086]
Col 9 ) (0.5396-0.7986) 00
4
CACRAOI- 9 (50[29%6_;—')053‘511 [0.5220+0.0361] 0(0)
: : (0.4772-0.5573)
Test study 11.
Diagrams
based on log- {Zin} {Zprob} 5 {4} {2.6500} {0} {0} (20}{13.1225} {21} {12.3711} {0} {0}
ratios of [%prob] [---] [ 0%] [56%] [44%] [ 0%]
r’r;ajor
elements
2
IA+CA- 7 [0.521+0.081]
- 9 - [0.4290+0.0095] 0(0)
CR+OI-Col (0.3854-0.6072) (04223, 0.4357)
Acid;
Vermaetal.  IA-CA- 9 0(0) 6 [0.600+0.060] [0.481230.0336]
(2013); log- ~ CR+OI (0.5051-0.6492) () 4424.0 5019)
ratios o_f 7 2
:T’:;T;?b;r'% 1A-CA-Col 9 0(0) [0.5618+0.0443] [0.44745:0.00361]
oo (0.4666-0.5951) (0.4449, 0.4500)
elements IA-CR+OI- o 0(0) 6[0.497+0.066] 3 [0.3694+0.0222]
Col (0.3766-05547)  (0.3553-0.3950)
CA-CR+OI- 90.59240.113]
Col 9 (0.4338-0.7193) 0(0) 00)
Test study 2a.
Diagrams
based on log-
ratios of (Zn} {Zprob} 5 (7} {3.6470} {0} {0} (22}{12.8589} {11} {5.2815} (5} {2.0031}
immobile [%prob] [---] [ 0%] [70%] [22%)] [8%]
major and
trace
elements
_ 9
Acid; IA+CA- 9 [0.8546+0.0157] 0(0) 0(0)
Vermaetal.  CR+OI-Col (0.8199-0.8689)
(2913);f|0g- ' ' 9
ratos 2 'C‘Efél‘ 9 0(0) [0.7986+0.0247] 0(0)
o (0.77409—)0.8427)
elements _CA-
1A-CA-Col 9 0(0) [0.761:0.0208] 0(0)

XXXiV



(0.7487-0.8141)

9
I1A-CR+OI- [0.764+0.071]
Col 9 (0.5921- 00 0@
0.8310)
9
ARl 9 [0.9612+0.0087] 0(0) 0(0)
(0.9412-0.9699)

Test study 11.
Diagrams
based on log-
ratios of {Zn} {Zprob} 45 {9} {7.6911} {9} {6.8736} {27} {22.8229} {0} {0} {0} {0}
immobile [%prob] [-] [23%] [77%] [ 0%] [ 0%]
trace
elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S29.

Testing of multidimensional diagrams from recent intermediate rocks of the Fuego volcanic complex, Guatemala (Chesner and Rose
Jr., 1984; Test study 12a).

Number of discriminated samples

Magma type, Total Arc Within-plate Collision  Col [
- ! - number —
I:I?lgure namt;e, Figure type of 1A+CA IA[X + S CA <+S ] CR+0I X+Ss 1 [Peal ©
igure number e - - e
g samples XS] [Pl © [Pcal © [XEXS]
(Piasca) © [Pcriol] ©
IA+CA-CR+OI- 8 [0.790+0.213]
Col 9 (0.4815-0.9661) 00) 1(0.9977)
9 [0.7590.127]
_—— IA-CA-CR+0I 9 0 (0) (0.5884.0.9997) 0 (0)
ntermediate;
Verma and 1A-CA-Col 9 0(0) ?0[%65837_30523]) 1(0.9739)
Verma (2013); 5 ' '
log-ratios of all
g lements: [0.891+0.075] 410.706+0.201]
major elemen’s:  1A-CR+O1-Col 9 (0.7653- 00 (0.5665-1.0000)
0.9493)
) ) . . 6 [0.8730.111] 3[0.587+0.164]
CA-CR+OI-Col o (0.6702-0.9621) 00 (0.4865-0.7758)
Test study 12a.
Diagrams based Zn} {Eprob} 45 {8} {6.3219} {5} {4.4546} {23} {17.5595} {0} {0} {9} {6.5585}
on log-ratios of [%prob] [16%] [65%] [ 0%] [19%)]

major elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S30.

Testing of multidimensional diagrams from Quaternary intermediate rocks of the Meseta volcano, Guatemala (Chesner and Halsor,
1997; Test study 12b).

Number of discriminated samples

Total ——
Magma type, number Arc Within-plate .
Fi . Fi tvpe of Y+ i Y+ CR+OI [ Collision
Igure name; Igure typ IAFCA[X XS] IA[X XS] CA[X XS] =
Figure number sample Xxts Col [
g P (Piasca) © [pia] © [Pcal © o] T+
S [Pcrror] O [ TS5]
pCoI] ®
IA+CA-CR+OI-Col 40 40((5%2?}:58;)1258)5] 0(0) 0(0)
40 [0.746+0.053]
IA-CA-CR+OI 40 0(0) (0.6385-0.8271) 0(0)
Intermediate; 40 [0.769+0.046]
Vermaand Verma ~ A“CACol 40 00 (0.6789-0.8360) 0(0)
(2013); log-ratios 40
of all major 0.9577+0.028
olemento IA-CR+OI-Col 40 [ 6500 0(0) 0(0)
0.9809)
40
CA-CR+0OI-Col 40 [0.9484+0.0426] 0(0) 0(0)
(0.8093-0.9789)
Test study 12b.
Diagrams based on {Zn} {Zprob} 200 {40} {38.4681} {40} {38.3098} {120} {98.5657} {0} {0} {0} {0}
log-ratios of major [%prob] [28.0%] [72.0%)] [ 0%] [ 0%]

elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S31.
Testing of multidimensional diagrams from Holocene (0.000112) intermediate rocks of the Santiaguito complex, Guatemala
(Scott et al. 2013; Test study 12c).

Number of discriminated samples

Magma type nIr?]tgler Arc Within-plate  Collision
Figure name ~ '91"® P of IA+CAT IA[XES]  cA[XZES] CReOIL Coll
samples XtS] [pia] © [Pca] © XtS] XtS]
(pia+ca) © [Pcrrai] © [pca] ©®
IA+CA-CR+OI- 18
Col 18 [0.808+0.067] 0(0) 0(0)
(0.7547-0.9500)
18
ntermediate; IA-CA-CR+0I 18 0(0) [0.7359+0.0255] 0(0)
Verma and (07112-08137)
Verma (2013); AL 18 [0.687+0.048]
log-ratios of all IA-CA-Col 18 00 (0.6501-0.8012) 0(0)
major elements 18
IA-CR+OI-Col 18 [0.7203+0.0995] 0(0) 0(0)
(0.6322-0.9160)
) ) 18 [0.669+0.139]
CA-CR+0I-Col 18 (0.5705-0.9348) 0(0) 0(0)
Test study 12c.
Diagrams based {Zn} {Zprob} 90 {18} {14.5494} {18} {12.9660} {54} {37.6497} {0} {0} {0} {0}
on log-ratios of [%prob] [26%] [74%] [ 0%] [ 0%]
major elements
IA+CA-CR+OI- 5[0.811+0.151]
Col 5 (0.5541-0.9444) 00) 00)
Intermediate; _CA- 4 [0.594+0.068]
Verma and IA-CA-CR+0I 5 1(0.5617) (0.5056-0.6694) 0(0)
Verma (2013); 3
log-ratios of IA-CA-Col 5 1 (0.5530) [0.5540+0.0275] 1(0.3917)
immobile major (0.5290-0.5834)
and trace 5[0.774+0.134
lements IA-CR+0I-Col 5 (0F5579-o.92101 0(0) 0(0)
5 [0.938+0.094]
CA-CR+0I-Col 5 (0.7699-0.9894) 0(0) 0(0)
Test study 12c.
Diagrams based
on log-ratios of {5} {4.0545} {7} {4.9838} {12} {8.7249} {0} {0} {1} {0.3917}
immobile major {Zn} {Zprob} 25 [36%] [62%] [ 0%] [2%]
[Y%prob]
and trace
elements
IA+CA-CR+OI- 18
Col 18 [0.696+0.093] 0(0) 0(0)
(0.5167-0.8366)
16 2
Intermediate; IA-CA-CR+0I 18 [0.448+0.071] [0.4897+0.0062] 0(0)
Verma and (0.3488-0.6806)  (0.4853, 0.4941)
Verma (2013); 17
log-ratios of IA-CA-Col 18 1 (0.6796) [0.5055+0.0434] 0(0)
immobile trace (0.4633-0.6348)
elements 18
IA-CR+0I-Col 18 [0.707+0.081] 0(0) 0(0)
(0.5452-0.8419)
18 [0.866+0.050]
CA-CR+0I-Col 18 (0.7749-0.9509) 0(0) 0(0)
Test study 12c.
Diagrams based
nlogratosol gy s (U2 @9 oSy @nestay 00 00
immobile trace [Yoprob]

elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S32.

Testing of multidimensional diagrams from Holocene (0.000112) acid rocks of the Santiaguito complex, Guatemala (Scott et al. 2013; Test study

12c).
Magma type, Figure type Total Number of discriminated samples
Figure name number Arc Within Collision Col
of i e
samples  IA+CA[X£S]  IA[XES][p]e ca[X£s]  PlE [ [XESIpede
+
(Piasca) © [Pca] © _
X+S]
[Pcr+oi] ©
IA+CA- 17 0 9812614-70 00418 000 00
CR+OI-Col [(b 9694_0.9859)] © ©
IA-CA- 17 15 [0.598+0.049] (0.5207- 2[0.590:0.088] 000)
Acid: v (g CRO 0.6870) (0.5280, 0.6528)
cid; verma et al. 16 [0.5990+0.0392]
(2012); All major ~ 1A-CA-Col 17 (0.5188-0.6715) 1(0.5823) 0 (0)
elements ’ ’
IA-CR+OI- 17 [0.99699:0.00180]
Col 7 (0.9905-0.9983) 0) 00
CA- 17
CRAOI-Col 17 [0.99280-+0.00210] 0 (0) 0 (0)
(0.9863-0.9954)
Test study 12c.
Diagrams based on Zn} g5 {17} {16.6813} {48} {35.4968} {20} {18.6406} {0} {0} {0} {0}
log-ratios of major {021"' ob} [66%] [34%] [ 0%] [ 0%]
elements [%6prob]
IA+CA- 17 [0.9743+0.0087]
cr+ol-Col Y/ (0.9476-0.9834) 00 00
IA-CA- 17 [0.7076+0.0204]
At Vermaetal, | CRYO! 17 0(0) (0.6708-0.7499) 00)
Y . . 17 [0.8405+0.0216]
gIZg)n]q.S%,tSAII major IA-CA-Col 17 0(0) (0.7991-0.8747) 0(0)
IA-CR+OI- 17 [0.9331+0.0274]
Col 7 (0.8395-0.9611) 0(0) 00
CA- 17 [0.9881+0.0051]
CrR+Ol-Col Y/ (0.9714-0.9930) 0(0) 00)
Test study 12c.
Diagrams based on {2} o5 {17} {16.5629} {17} {15.8622} {51} {43.1143} {0} {0} {0} {0}
log-ratios of major ~ {2Prob} [ [27%] [73%] [ 0%] [ 0%)]
[%prob]
elements op
IA+CA- 17 6 [0.5610.059] 000) 11 [0.592+0.079]
CR+OI-Col (0.5014-0.6376) (0.4825-0.7154)
IA-CA- 17 [0.6567+0.0428]
Acid; Vermaetal. ~ CR+OI o 0(0) (0.5394-0.7047) 0(0)
(2013); log-ratios CA. 10 [0.4634+0.0370] 7 [0.484+0.065]
of immabile major  ¥-CA-Col v 0(0) (0.4031-0.5147) (0.4161-0.6002)
and trace elements IA-CR+OI- 17 [0.690+0.077]
17 0 (0) 0 (0)
Col (0.5354-0.7923)
CA- 17 10 [0.581+0.072] 000) 7 [0.554+0.051]
CR+0I-Col (0.4793-0.6976) (0.4896-0.6350)
Test study 12c.
E)'gagr;’;‘lfj é’fmd on =) o5 {6} {3.3668} {0} {0} (37} {21.6074} {0} {0} {42} {25.5029}
immobile mejorand {27700 (0%l (49 [0%] [519%]
[%prob]
trace elements
IA+CA- 17 [0.9236+0.0161]
cr+Ol-Col Y (0.8822-0.9449) 0) 0 ()
IA-CA- 17 [0.7405+0.0323]
Acid; Vermaetal. ~ CR+OI o 0(0) (0.6760-0.7861) 0(0)
(2013); log-ratios CA. 17 [0.7617+0.0398] L
ofimmobiletrace ~ -CACOl 17 00) (0.6809-0.8356) 0(0)
elements IA-CR+0OI- 16 [0.765+0.079] (0.5939-
o 17 0.8973) 1(0.4833) 0 (0)
CA- 17 [0.9705+0.0091]
Cr+Ol-Col Y (0.9438-0.9827) 0(0) 0(0)
Test study 12c.
D'a_gra.ms based on Zn) {17} {15.7007} {16} {12.2378} {51} {42.0368} {1} {0} {0}
log-ratios of Zprob} 85 590 7704 {0.4833} 0%
immobile trace =P (-] [22%] [77%] [1%] [0%]
[%prob]
elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S33.

Testing of multidimensional diagrams from Holocene (0.000123) intermediate rocks of the Huequi volcano dome complex, Chile (Watt et al. 2011;

Test study 13).
Number of discriminated samples
Total — —
l'\:/liggl;]rrr;ant;ﬁ% Figure type number of _ A;rc _ Wlthln-_plate (iolllsmn Col [
samples  1A+CA[XE£S]  IA[XZES] CA[XES] CR+OI[XES] XZES][pcao
(Prasca) © [Pia] © [Pcal © [Per+o] ©
IA+CA-CR+OI- 9[0.916+0.074]
Col 9 (0.8015-0.9949) 0(0) 0(0)
8 [0.784+0.165
|ntermediate; |IA-CA-CR+OI 9 === 1 (04993) (0[5574_09109% 0 (0) -
Verma and
. 8[0.756+0.157]
Verma_ (2013); IA-CA-Col 9 1 (0.5290) (0.5492-0.8786) - 0(0)
log-ratios of all 9 [0.841:+0.154]
major elements - - O LY.
J IA-CR+0I-Col 9 (0.5868-0.9970) 0(0) 0(0)
9 [0.942+0.050]
CA-CR+0I-Col 9 (0.8244-0.9877) 0(0) 0(0)
Test study 13.
Diagrams based {Zn} {Zprob} 45 {9} {8.2423} {11} {8.5945} {25} {20.7899} {0} {0} {0} {0}
on log-ratios of [%oprob] [29%] [71%] [ 0%] [ 0%]
major elements
IA+CA-CR+O0I- 8[0.805+0.115]
Col 9 (0.6487-0.9461) 0(0) 1(0.4591)
Intermediate; 9 [0.588+0.054
Verma and |IA-CA-CR+OI 9 --- 0 (O) (0[5038'07054% 0 (O) -
Verma (2013);
; 8 [0.534+0.095]
!og-ratl_os of _ IA-CA-Col 9 0(0) (0.4085-0.7079) 1 (0.4950)
immobile major 9 [0.73740.150]
and trace - - O IEY.
olements IA-CR+0I-Col 9 (0.4447-0.9169) 0(0) 0(0)
) ) 9 [0.859+0.150]
CA-CR+0I-Col 9 (0.5257-0.9832) 0(0) 0(0)
Test study13.
Diagrams based
on log-ratios of {8} {6.4395} {9} {6.6365} {26} {17.2963} {0} {0} {2} {0.9540}
immobile major =" {2prob} 45 [27%] [70%] [ 0%] [3%]
[Yoprob]
and trace
elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S34.

Testing of multidimensional diagrams from Quaternary intermediate rocks of the Nisyros Island, Greece (Di Paola, 1974; Test study 14).

Number of discriminated samples

Magma type, Total Arc Within-plate Collision
Figure name; Figure type number of = v CR+OI [ X
Figure number smples  IACA[XES]  IA[XES]  CcA[XZES] 24 Col[XES]
(Pasca) © [Pl ® [Pcal © +91 [Pca] ©
[Pcr+oi] ©
7 [0.665+0.124] 8 [0.691+0.128]
IA+CA-CR+0I-Col 16 (0.4556.0.5626) 1(0.6186) (0.5344-0.6240)
Intermediiate: IA-CA-CR+OI 16 0(0) 1(35?7'22_158'71;’5] 1(0.8251)
Verma and Verma
, ! 9 [0.598+0.092] 7[0.734+0.130]
ngtzllf%a}(;?-ranos IA-CA-Col 16 00 (0.5049-0.7717) (0.5420-0.8802)
elements: ) ] 5 [0.592+0.152] 10 [0.804+0.088]
IA-CR+OI-Col 16 (0.3940-0.7994) 1(0.6185) (0.6912-0.9615)
] ] 9[0.652+0.102] 6 [0.569+0.084]
CA-CR+OI-Col 16 (0.5109-0.8295) 1(0.6005) (0.4270-0.6388)
Test study 14.
Diagrams based on {Zn} {Zprob} 80 (7} {4.6517} [] {5} {2.9598} {33} {22.6620} {4} {2.6627} {31} {22.1191}
log-ratios of major [Yoprob] ' [6%] [49%] [5%] [40%)]

elements

For the explanation of abbreviations, see footnote of Table S17.

xli



Table S35.

Testing of multidimensional diagrams from Quaternary acid rocks of the Nisyros Island, Greece (Di Paola, 1974; Test study 14).

Magma type, Figure Figure type Total Number of discriminated samples
b
name nur(r)]f o Arc Within-plate CR+OlI [ Collision
samples IA+CA IA[X XS] CA[X £ S [pea] X £ S] [pcrear] © Col[XES]
Xts 1 [pia] © © [Pca] ®
(Piasca) ©
IA+CA-CR+OI- 10 [0.731+0.160]
Col I "(05079-0.9313) 0(0) 1(0.9648)
IA-CA-CR+0I 11 [0.768+0.087]
Acid; Verma et al H °0 (0.6230-0.8683) O B
(2012); All major IA-CA-Col 11 0(0) 1%%22&%‘;3&“ 1(0.9690)
elements IA-CR+0I-Col u 7[0.71040.154] 00) 4[0.64040.253]
(0.4796-0.8826) (0.4241-0.9568)
CA-CR+0I-Col 10 [0.71240.162]
11 (0.4600-0.9350) 0(0) 1(0.9236)
Test study 14. Diagrams
. 10} {7.3070} {7}{5.0311} {31} {22.8785} {0} {0} {7}{5.4192}
based on log-ratios of {Zn} {Zprob} 55 { o o o o
major elements [Yoprob] [-] [16%] [71%] [0%] [13%]
IA+CA-CR+OI- 11 9[0.670+0.175] 0(0) 2[0.552+0.262]
Col (0.3665-0.8633) (0.3673, 0.7376)
IA-CA-CR+0I 10 [0.828+0.149]
Acid; Verma et al H °0 (0.4918-0.9373) + (09429 h
(2013); All major 1A-CA-Col 1 0(0) 1(3%01(?275 g??fg)] 1(0.9793)
elements IA-CR+OI-Col u 00 8[0.5273£0.0419] 3 [0.565:0.117]
(0.4764-0.6122) (0.4813-0.6979)
CA-CR+0OI-Col 9[0.688+0.177]
11 (0.3912-0.8875) 1 (0.3659) 1 (0.7049)
Test study 14. Diagrams
o {9} {6.0315} {0} {0} {29} {23.0522} {10} {5.5269} {7} {4.4827}
bas_ed on log-ratios of {Zn} {Zprob} 55 -] [ 0%] [75%] [14%] [11%]
major elements [%oprob]

For the explanation of abbreviations, see footnote of Table S17.
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Table S36.

Testing of multidimensional diagrams from Pleistocene-Holocene intermediate rocks from the Augustine volcano, Alaska
(Johnson et al. 1996; Test study 15).

Number of discriminated samples

Magma type, Total Arc Within-plate __ Collision
Figure name; Figure type number = CR+OI [ Col [
Figure of IA+CA [ IA[XES] CA[X XS] - -
number samples XtS] [Pia] © [Pca] © X*S] XtS]
(piasca) © [Pcr+ol] © [Pca] ©®
21
::/;TCA'CWO" 21 [0.905+0.054] 0(0) 0(0)
(0.7810-0.9814)
) 14
Intermediate; | A-CA-CR+OI 21 [0.5543+0.0344] 20[919%058307833]) 0(0)
Verma and (0.4999-0.6192) ' '
Verma 4
(2013); log- 17 [0.5850.059]
. IA-CA-Col 21 [0.637120.0328] 0(0)
Egjzsr of all (0.4988-0.7272)  6041-0.6730)
elements; IA-CR+OI-Col 21 Z(é E%gg%ggg] 0(0) 0(0)
21
CA-CR+OI-Col 21 [0.850+0.084] 0(0) 0(0)
(0.6518-0.9607)
Test study 15.
Diagrams
basgd on log- {Zn} {Zprob} 105 {21} {19.0011} {52} {35.8767} {32} {24.6512} {0} {0} {0} {0}
0, —— 0, 0, 0, 0,
o of maor - [prob] [-] [59.3%] [40.79%] [ 0%] [ 0%]
elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S37.
Testing of multidimensional diagrams from Quaternary basic rocks of the Barren Island, Andaman-Nicobar Islands
(Chandrasekharam et al. 2009; Streck et al. 2011; Test study 16a).

Figure reference; Discrimination diagram  Total no. of  Predicted tectonic affinity and number of discriminated samples (%)
figure type samples (%)

I1AB CRB+0OIB CRB oIB MORB

Agrawal et al. IAB-CRB-OIB-MORB 25 (100) 22 (88) 0(0) 0(0) 3(12)

(2004); adjusted

major element IAB-CRB-0IB 25 (100) 25 (100) - 0 (0) 0 (0)

concentrations IAB-CRB-MORB 25 (100) 22 (88) - 0 (0) 3(12)
IAB-OIB-MORB 25 (100) 22 (88) 0(0) 3(12)
CRB-OIB-MORB 25 (100) 0(0) 0(0) 25 (100)

Test study 16a. Synthesis of all five diagrams of

Agrawal et al. (2004) 125 (100) 91 (72.8) - 0 (0) 0 (0) 34 (27.2)

Verma et al. (2006); IAB-CRB-OIB-MORB 25 (100) 25 (100) 0(0) 0(0) 0(0)

log-ratios of major

elements IAB-CRB-0OIB 25 (100) 25 (100) - 0 (0) 0 (0)
IAB-CRB-MORB 25 (100) 25 (100) 0 (0) 0(0)
IAB-OIB-MORB 25 (100) 25 (100) 0(0) 0(0)
CRB-OIB-MORB 25 (100) 0(0) 0(0) 25 (100)

Test study 16a. Synthesis of all five diagrams of

Verma et al. (2006) 125 (100) 100 (80.0)  --- 0 (0) 0 (0) 25 (20.0)

Agrawal etal. IAB-CRB+0IB-MORB 11 (100) 11 (100) 0(0) 0(0)

(2008); log-ratios of

immobile trace IAB-CRB-OIB 11 (100) 11 (100) - 0 (0) 0 (0) ---

| t

elements IAB-CRB-MORB 11 (100) 11(100) - 0 (0) 0(0)
IAB-OIB-MORB 11 (100) 11 (100) 0(0) 0(0)
CRB-0IB-MORB 11 (100) - - 0 (0) 0 (0) 11 (100)

Test study 16a. Synthesis of all five diagrams of

Agrawal et al. (2008) 55 (100) 44 (80) 0(--) 0(0) 0(0) 11 (20)

Verma and Agrawal  IAB-CRB+OIB-MORB 24 (100) 24 (100) 0 (0) --- --- 0(0)

(2011); log-ratios of

immobile major and |AB-CRB-OIB 24 (100) 24 (100) --- 0(0) 0(0) ---

t | t

race elements IAB-CRB-MORB 24 (100) 24(100) - 0(0) 0(0)
IAB-OIB-MORB 24 (100) 24 (100) 0(0) 0(0)
CRB-0IB-MORB 24 (100) -—- - 0(0) 0(0) 24 (100)

Test study 16a. Synthesis of all five diagrams of 120 (100) 96 (80.0) 0 () 0 (0) 0(0) 24 (20.0)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S38.

Testing of multidimensional diagrams from Quaternary, intermediate rocks of the Barren Island, Andaman-Nicobar Islands
(Chandrasekharam et al. 2009; Streck et al. 2011; Test study 16a).

Number of discriminated samples

Total — —
I\/I_agma type, Figure type number _ _ Arc _ W(l:tglrgll?te gg:ll[smn
Figure name of IAMMCA[XES] IA[XZES][pu] CA[XZES] X+ X+s
samples (piasca) ® 0 [pca] ©® L] L]
[Pcreol] © [pca] ©®
IA+CA-CR+0I- 19 [0.887+0.117]
Col 21 (0.6356-0.9931) 1 (0.6605) 1(0.9189)
_ 9[0.5177+0.0379]  11[0.582+0.149]
{?termed'zte? IA-CA-CR+OI 21 (0.4805-0.5932) (0.4730-0.9993) 1(0.3955)
erma an
_ A 16 [0.624+0.053] 4 [0.5503+0.0405]
Verma (2013);  IA-CA-Col 21 (0.5341-0.7284) (0.5185-0.6097) 1 (0.9569)
log-ratios of all 19 [0.874+0.136]
major elements - R O A=y,
j IA-CR+0I-Col 21 (0.5863-0.9952) 1 (0.6915) 1 (0.9974)
CA-CR+OI- 20 [0.83020.168]
Col 21 (0.5349-0.9945) 1 (0.7049) 0(0)
Test study 16a. 3}
Diagrams based  {Zn} {Zprob} 105 {19} {16.8541} {44} {31.2416} {35} {25.2019} {4} {2.4524} (28732}
on log-ratios of [%prob] [--] [51.6%)] [41.6%] [3.1%)] [é 7%
major elements A
IA+CA-CR+0I- 21
Col 21 [0.9967+0.0051] 0(0) 0(0)
(0.9754-0.9994)
Intermediate; _CA- 21[0.890+0.047]
Vet IA-CA-CR+OI 21 (0.7355-0.9299) 0(0) 0(0)
Verma (2013); AL 21 [0.899+0.050]
log-ratios of IA-CA-Col 21 (0.7278-0.9407) 00) 00
immobile 21
major and trace | A-CR+OI-Col 21 [0.9964:+0.0060] 0(0) 0(0)
elements (0.9710-0.9993)
21
SQ'CR‘”O" 21 [0.99959+0.00133] 0(0) 0(0)
(0.9938-1.0000)
Test study 16a.
Diagrams based
on log-ratios of {21} {20.9317} {63} {58.5025} {21} {20.9913} {0} {0} {0} {0}
immobile major {Zn} {Zprob} 105 [73.6%] [26.4%] [ 0%] [ 0%]
[%prob]
and trace
elements
IA+CA-CR+0I- 9
Col 9 [0.99417+0.00303] 0(0) 0(0)
(0.9900-0.9994)
9 [0.9069+0.0156
Ctermedizte; IA-CA-CR+OI 9 - (%.8855—0.9375)] 0(0) 0(0) -
erma an
Verma (2013);  IA-CA-Col 9 9(%059122537_3%28%‘] 0(0) 0(0)
log-ratios of ' '
immobile trace 9
elements IA-CR+0I-Col 9 [0.99632+0.00191] 0(0) 0 (0)
(0.9935-0.9996)
9
CArCRrOl 9 [0.99555+0.00229] 0(0) 0(0)
(0.9926-0.9996)
Test study 16a.
Diagrams based
on log-ratios of  {Zn} {Zprob} 45 {9} {8.9475} {27}[{724?;/4]600} {9} {8.9599} [26%] {E)(})O{/O]} {([)%ﬁ/o]}
immobile trace [%prob] ° > °

elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S39.

Testing of multidimensional diagrams from Quaternary, intermediate rocks of the Narcondam Island, Andaman-Nicobar Islands (Pal et al. 2009; Streck et
al. 2011; Test study 16h).

Number of discriminated samples

Total Arc Within- Collision  Col [
Magma type, . = - = plate v
Figure name Figure type n:;?nbelregf IA.CA[XES]  IA[XZES][pn CA[XLS] CROI [ Xt S]1[pcal ®
p (Piasca) © 0 [Pca] ©® X+S ]
[pcrior] ©
] ] 6 [0.720+0.138] 4[0.562:0.048]
IA+CA-CR+QI-Col 10 (0.5329-0.8831) 00) (0.5158-0.6223)
. . 5 [0.604+0.062] 5 [0.552+0.049]
Intermedite; IA-CA-CR+OI 1o (05460-0.7093)  (0.5031-0.6120) 0(0)
erma an erma
_ 6 [0.4680.049 3 [0.400£0.073
(2f01”3); I_og-ratlos IA-CA-Col 10 (OF 4100-0 5 4271 1 (0.3967) --- (0F3 148-0. 4822])
of all major
clements ] ] 6 [0.683+0.172] 410.645+0.066]
IA-CR+0I-Col 10 (0.4999-0.8629) 00 (0.5571-0.7172)
] ] 6 [0.709:0.164] 4 [0.6253+0.0443]
CA-CR+0I-Col 10 (0.5194-0.8923) 0 () (0.5828-0.6696)
Test study 16b.
Diagrams based on {Zn} {Zprob} {6} {4.3201} {17} {9.9209} {12} {7.4106} {0} {0}
log-ratios of major [9%prob] 50 -] [41%] [31%] [0%] {15} {8.5253} [28%]
elements
8 [0.924+0.079]
IA+CA-CR+0I-Col 8 (0.7346.0.0962) 0(0) 0(0)
8 [0.765+0.131
Intermediate; IA-CA-CR+OI 8 (OF5716-O.9087§ 0(0) 0(0) -
Verma and Verma
(2013); log-ratios of  1A-CA-Col 8 ?0[‘5"273453_30533‘3 0(0) 0(0)
immobile major and g .O 9 6+6 097
trace elements IA-CR+0I-Col 8 (0[75115-6 99 47§ 0(0) 0(0)
] ) 8 [0.9737+0.0279]
CA-CR+OI-Col 8 (0.5802.0.6069) 0(0) 0(0)
Test study 16b.
Diagrams based on
: 8} {7.3902 24} {19.3889 0} {0 0} {0
log-ratios of {En} {Zprob) 40 {8}{7.3902} { }[{71%] Yo (8 {7.7897) [20%] {[30}) ]} {[302 ]}
immobile major and [%prob]
trace elements
) ] 4[0.696:+0.165] 4[0.574+0.060]
IA+CA-CR+OI-Col 8 (0.5416-0.9013) 0(0) (0.4999-0.6445)
7 [0.659+0.086
Intermediate: IA-CA-CR+OI 8 (0F5372-o.8031% 1(0.5999) 0(0)
Verma and Verma
(2013); log-ratios of  1A-CA-Col 8 (70[2568%730{;}1% 0(0) 1(0.4605)
immobile trace : )
elements ALCRAOI-Col g 6 [0.6210.149] 00 2 [0.565+0.049]
(0.5272-0.9209) (0.5311, 0.5998)
) ] 4[0.746:0.135] 4 [0.6164+0.0431]
CA-CR+OI-Col 8 (0.6299-0.8934) 000 (0.5543-0.6539)
Test study 16b.
Diagrams based on
log-ratios of {En} {Zprob) 40 {4} {[?;?1834} {20}[{51820'/05]912} (5} {3.5821} [17%] {?gojo(;} {11} {6.3540} [25%]
immobile trace [Yoprob]
elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S40.

Testing of multidimensional diagrams from Quaternary acid rocks of Narcondam Island, Andaman-Nicobar Islands (Pal et al. 2009; Streck et al.

2011; Test study 16b).

Magma type, Figure Figure type Total Number of discriminated samples
name nur(r)]fber Arc Within-plate Collision
sample  1A+CA[XES] IA[XEST[pu  CA[X ST [peal CR+OI [ Col[X*S]
$ (Piasca) © © © X*s ] [Pcal ©®
[pcr+oi] ©
IA+CA-CR+OI- 8[0.9733+0.0082]
Col 8 (0.9547-0.9820) 000 0(0)
IA-CA-CR+O0I 8[0.797+0.054]
8 (0.6775-0.8414) 000 000
IA-CA-Col
Acid; Verma et al. ° 8 --- ?0[2683017-1(;09(5)52)‘61]) 0(0) --- 0 (0)
(2012); All major IA-CR+OI-Col 8
elements [0.99434+0.0039
8 7] (0.9848- 000 0(0)
0.9969)
CA-CR+0I-Col 8 [0.9945+0.0027]
8 (0.9881-0.9964) 000 0(0)
Test study 16b.
Diagrams based on {Zn} {Eprob} {8} {7.7865} {24} {20.7847} {0} {0} {0} {0}
log-ratios of major [%prob] 40 --- [72%] {8} {7.9560} [28%] [ 0%] [ 0%]
elements
IA+CA-CR+OI- 8[0.9688+0.0125]
Col 8 (0.9420-0.9794) 00) 0(0)
IA-CA-CR+0OI 4
8 [0.5586+0.0319] (%055155272_305'%2? 0(0)
Acid: Vi tal (0.5271-0.6014) ' '
cid; Verma etal. IA-CA-Col 7 [0.596+0.046]
(2013); All major 8 --- 1 (0.5576) o o --- 0 (0)
elements (0.5480-0.6586)
IA-CR+0I-Col 8
8 - [0.9582+0.0273] - 0 (0) 0 (0)
(0.8975-0.9768)
CA-CR+OI-Col 8 [0.9858+0.0073]
8 (0.9695-0.9913) 000 0(0)
Test study 16b.
Diagrams based on {Zn} {Zprob} 40 {8} {7.7506} {13} {10.4580} {19} {14.2693} {0} {0} {0} {0}
log-ratios of major [%oprob] --- [42%] [58%] [ 0%] [ 0%]

elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S41.
Testing of multidimensional diagrams from recent basic rocks from the Indian Ridge (Yi et al. 2014; Test study 17).

Figure reference; Discrimination diagram  Total no. of  Predicted tectonic affinity and number of discriminated samples (%)

figure type samples (%)

I1AB CRB+0IB CRB oIB MORB

Agrawal et al. IAB-CRB-OIB-MORB 33 (100) 2 (6) 0(0) 0(0) 31 (94)

(2004); adjusted

major element IAB-CRB-0IB 33 (100) 29 (88) - 1(3) 3(9)

concentrations IAB-CRB-MORB 33 (100) 2 (6) - 0 (0) 31 (94)
IAB-OIB-MORB 33 (100) 2 (6) 0(0) 31(94)
CRB-OIB-MORB 33 (100) - - 0(0) 0(0) 33 (100)

Test study 17. Synthesis of all five diagrams of

Agrawal et al. (2004) 165 (100) 35 (21.2) - 1(0.6) 3(1.8) 126 (76.4)

Verma et al. (2006); IAB-CRB-OIB-MORB 33 (100) 1(3) - 1(3) 0(0) 31 (94)

log-ratios of major

elements IAB-CRB-OIB 33 (100) 2 (6) - 5 (15) 26 (79)
IAB-CRB-MORB 33 (100) 1(3) - 1(3) 31 (94)
IAB-OIB-MORB 33 (100) 1(3) 0(0) 32(97)
CRB-OIB-MORB 33 (100) 2(6) 0(0) 31(94)

Test study 17. Synthesis of all five diagrams of

Verma et al. (2006) 165 (100) 5(3.0) 9 (5.4) 26 (15.8) 125 (75.8)

Agrawal etal. IAB-CRB+0IB-MORB 32 (100) 6 (19) 1(3) --- --- 25 (78)

(2008); log-ratios of

immobile trace ~ 1AB-CRB-OIB 32 (100) 7(22) 11(34)  14(44) -

| t

elements IAB-CRB-MORB 32 (100) 7(22) 2(6) 23(72)
IAB-OIB-MORB 32 (100) 6 (19) 0(0) 26 (81)
CRB-OIB-MORB 32 (100) 2(6) 0(0) 30 (94)

Test study 17. Synthesis of all five diagrams of

Agrawal et al. (2008) 160 (100) 26 (16.2) 1(--) 16 (10.0) 14 (8.8) 104 (65.0)

Verma and Agrawal  IAB-CRB+OIB-MORB 33 (100) 0 (0) 2 (6) - - 31(94)

(2011); log-ratios of

immobile major and |AB-CRB-OIB 33 (100) 31 (94) - 2 (6) 0(0)

t | t

face elements IAB-CRB-MORB 33 (100) 0(0) 2(6) 31(94)
IAB-OIB-MORB 33 (100) 0(0) 2(6) 31(94)
CRB-OIB-MORB 33 (100) 2(6) 0(0) 31(94)

Test study 17. Synthesis of all five diagrams of 165 (100) 31 (18.8) 2 () 8 (4.8) 2(1.2) 124(75.2)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S42.
Testing of multidimensional diagrams from late Miocene-Pleistocene (2.5-4.6 Ma) intermediate rocks of Shirak, Armenia (Neill et al. 2013; Test
study 18).

Number of discriminated samples

Total —— —
Il\:/IiZ%r:;ant;/r?qz, Figure type number of _ A_rc _ Wlthln-plate CR+OI [ Ccilllsmn Col
samples  |aA+CA[X XS] IA[XES] cA[XZES] XES1pcral®  [XE ST [peol
(pia+ca) © [pia] © [Pcal © )
) ) 5 [0.591:0.188] 8 [0.763+0.180]
IA+CA-CR+OI-Col 13 00 (0.4557-0.9061) (0.4610-0.9284)
7 [0.755£0.096 6 [0.649:£0.156
Intermediate; ~ 1A-CA-CR+OI 13 ) (0F5592-O.8473]) (0F4796-0.8637])
Verma and
5 [0.584+0.077 8 [0.73640.098
IVerma.(ZOlf”il IA-CA-Col 13 00 (0[4621-0 6596]) (0[5234-0 8480%
og-ratios of a ' ' : )
O aloment 5 [0.635:0.182] 8 [0.82620.169]
Major eiements — 1A-CR+01-Col 13 00 (0.4899-0.9308) (0.5453-0.9688)
) ) 3[0.491+0.053] 3[0.560+0.210] 7[0.692+0.193]
CA-CR+OI-Col 13 (0.4517-0.5514) (0.4118-0.7999) (0.3740-0.8926)
Test study 18.
Diagrams based {Zn} {Sprob} 65 {0} {0} {0} {0} {15} {0.6749} {19} {11.7012} (31} {23.4464}
on log-ratios of [%prob] [ 0%] [ 0%] [22%)] [26%)] [52%]
major elements
) ) 2 [0.794£0.112] 7 [0.807+0.167]
IA+CA-CR+OI-Col 9 00 (0.7143, 0.8728) (0.4841-0.9685)
Intermediate; 40.6650.117] 5 [0.714+0.154]
xefma ?;313) IA-CACR+OI o 00 (0.5211-0.7604) (0.5674-0.9279)
erma )
log-ratios of IA-CA-Col 9 0 (0) 0(0) --- ?0[217470%09;%
immobile major : )
o ace |A-CR+01-Col o 00 3[0.694:0.199] 6 [0.85620.104]
slements (0.4774-0.8693) (0.6676-0.9684)
) ) 2 [0.797+0.128] 7 [0.82140.158]
CA-CR+OI-Col 9 0(0) (0.7065, 0.8873) (0.5205-0.9807)
Test study 18.
Diagrams based
on log-ratios of {0} {0} {0} {0} {4} {2.6600} {12} {8.8313} {29} {23.5052}
immobile major {Ef'é {Erggb} 45 [ 0%] [ 0%] [8%] [25%] [67%]
and trace op
elements
) ) 2 [0.4754£0.0419] 5 [0.573£0.077] 6 [0.659+0.158]
IA+CA-CR+QI-Col 13 (0.4458, 0.5050) (0.4476-0.6392) (0.3935-0.8547)
Intermediate; _CA- 6 [0.564+0.114] 7 [0.634+0.134] .
Verma and IA-CA-CR+OI 13 00) (0.4729-0.7587) (0.4218-0.8101)
Verma (2013); o 6 [0.647+0.143] 7 [0.800£0.177]
log-ratios of ~ VA-CACol 13 00 (0.4507-0.7845) (0.5330-0.9522)
immobile trace 7 [0.616+0.068] 6 [0.669+0.136]
elements IA-CR+OI-Col 13 00) (0.5380-0.7369) (0.4518-0.8473)
) ) 5 [0.5860.125] 2 [0.466£0.071] 6 [0.677+0.167]
CA-CR+OI-Col 13 (0.3928-0.7132) (0.4158, 0.5158) (0.3677-0.8346)
Test study 18.
Diagrams based
on log ratios of (5n3 {Eprob; - {2} {09509) 0} 0} {17}{10.1969) {21} {125533) (25}(17.6317)
on log- [ 0%] [27%] [30%] [43%]
immobile trace [Y%prob]

elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S43.
Testing of multidimensional diagrams from late Miocene (4.95-5.52 Ma) drill hole basic and ultrabasic rocks of the Eiao Island,
French Polynesia (Caroff et al. 1999; Test study Al).

Predicted tectonic affinity and number of discriminated samples (%)

Figure reference Total no. of

' Discrimination diagram

figure type samples (%)
IAB CRB+0IB CRB olIB MORB
IAB-CRB-OIB-MORB 25 (100) 0(0) 1(4) 24 (96) 0(0)
Agrawal et al. IAB-CRB-OIB 25 (100) 0(0) 1(4) 24 (96)
(2004); adjusted | \p_~pE_MORB 25 (100) 0(0) 24 (96) 1(4)
major element
concentrations IAB-OI1B-MORB 25 (100) 0(0) 25 (100) 0(0)
CRB-0OIB-MORB 25 (100) 1(4) 24 (96) 0(0)
Test study Al. Synthesis of all five diagrams of
Agrawal et al. (2004) 125 (100) 0(0) 27 (21.6) 97 (77.6) 1(0.8)
IAB-CRB-0IB-MORB 25 (100) 0(0) 2(8) 23(92) 0(0)
IAB-CRB-0IB 25 (100) 0(0) 0(0) 25 (100)
Verma et al.
(2006); log-ratios  IAB-CRB-MORB 25 (100) 0(0) 24 (96) 1(4)
of major elements
IAB-OIB-MORB 25 (100) 0(0) 25 (100) 0(0)
CRB-OIB-MORB 25 (100) 0(0) 25 (100) 0 (0)
Test study Al. Synthesis of all five diagrams of
Verma et al. (2006) 125 (100) 0(0) 26 (20.8) 98 (78.4) 1(0.8)
IAB-CRB+0IB-MORB 25 (100) 0(0) 25 (100) 0(0)
Verma and
IAB-CRB-0OIB 25 (100 0(0 0 (0 25 (100 -
Agrawal (2011); (100) © © (100)
log-ratios of IAB-CRB-MORB 25 (100) 0(0) 25 (100) 0(0)
immobile major
and trace elements  AB-OIB-MORB 25 (100) 0(0) 25 (100) 0(0)
CRB-0OIB-MORB 25 (100) 0(0) 25 (100) 0(0)
Test study Al. Synthesis of all five diagrams of 125 (100) 0(0) 25 () 31(24.8) 94 (75.2) 0(0)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.



Table S44.
Testing of multidimensional diagrams from Pliocene-Pleistocene (0.35-4 Ma) altered basic and ultrabasic rocks of Koolau, Haleakala, and Kohala volcanoes,
Hawaiian Islands (Patino et al. 2003; Test study A2).

Predicted tectonic affinity and number of discriminated samples
Discrimination diagram Total no. of (%)

Figure reference; figure type samples (%)

IAB CRB+0IB CRB oIB MORB
IAB-CRB-0IB-MORB 9 (100) 0(0) 9 (100) 0(0) 0(0)
IAB-CRB-0IB 9 (100) 1(11) 7(78) 1(11)
Agrawal eF al. (2004); adjusted major element |AB-CRB-MORB 9 (100) 00) 9 (100) 0(0)
concentrations
IAB-OIB-MORB 9 (100) 1(11) 8 (89) 0(0)
CRB-OIB-MORB 9 (100) 7(778)  2(22) 0(0)
Test study A2. Synthesis of all five diagrams of Agrawal et al. (2004) 45 (100) 2(4) 32 (71) 11 (25) 0(0)
IAB-CRB-OIB-MORB 9 (100) 0(0) 9 (100) 0 (0) 0(0)
IAB-CRB-OIB 9 (100) 0 (0) 5(55.6) 4 (44.4)
Verma et al. (2006); log-ratios of major elements ~ IAB-CRB-MORB 9 (100) 0 (0) 9 (100) 0(0)
IAB-OIB-MORB 9 (100) 1(11) 8 (88.9) 0(0)
CRB-0OIB-MORB 9 (100) 5(55.6) 4 (44.4) 0 (0)
Test study A2. Synthesis of all five diagrams of Verma et al. (2006) 45 (100) 1(2) 28 (62) 16 (36) 0(0)

For the explanation of abbreviations, see footnote of Table 1 or S14.



Table S45.
Testing of multidimensional diagrams from late Miocene to Holocene slightly to intensely altered basic rocks of the Hainan
Island, China (Wang et al. 2012; Test study A3).

Predicted tectonic affinity and number of discriminated samples (%)

Figure reference Total no. of

' Discrimination diagram

figure type samples (%)
IAB CRB+0IB CRB olIB MORB
IAB-CRB-0IB-MORB 13 (100) 0(0) 11 (84.6) 1(7.7) 1(7.7)
Agrawal et al. IAB-CRB-OIB 13 (100) 0(0) 13 (100) 0(0)
(2004); adjusted | \p_~pE_MORB 13 (100) 0(0) 10(769)  — 3(23.1)
major element
concentrations IAB-OIB-MORB 13 (100) 0(0) 10 (76.9) 3(23.1)
CRB-OIB-MORB 13 (100) 11 (84.6) 1(7.7) 1(7.7)
Test study A3. Synthesis of all five diagrams of 65 (100) 0(0) 45 (69.2) 12 (18.5) 8 (12.3)
Agrawal et al. (2004)
IAB-CRB-OIB-MORB 13 (100) 0(0) 11 (84.6) 2 (15.4) 0(0)
IAB-CRB-0OIB 13 (100 0 (0 12 (92.3 1(7.7 -
Verma et al. (100) © (%2.3) (.1
(2006); log-ratios  IAB-CRB-MORB 13 (100) 0(0) 13 (100) 0(0)
of major elements
IAB-OI1B-MORB 13 (100) 0(0) 9(69.2) 4 (30.8)
CRB-OIB-MORB 13 (100) 12 (92.3) 1(7.7) 0(0)
Test study A3. Synthesis of all five diagrams of 65 (100) 0(0) 48 (73.8) 13 (20) 4(62)

Verma et al. (2006)

For the explanation of abbreviations, see footnote of Table 1 or S14.



Table S46.
Testing of multidimensional diagrams from late Miocene to Holocene slightly to intensely altered intermediate rocks of the Hainan Island, China

(Wang et al. 2012; Test study A3).

Number of discriminated samples

Total

Magma type, . Arc Within-plate Collision  Col [
Fiqure name Figure type number of — — — _ _
9 samples  IA+CA[XE£S] IA[XES]pa] cA[XtS] CReOI[XES]  XZES][po
(Piasca) O () [Pcal ©® [Pcr+or] ©
IA+CA-CR+0OI- 10 [0.760+0.114]
Col 10 ) (0.6118-0.9400) 0(0)
Intermediate; _CA- 10 [0.649+0.132]
Verma and IACACRO 10 00 00 (0.4636-0.8260)
Verma (2013): CA 4[0.702+0.135] 6 [0.584+0.077]
,og_ratigs of z” IA-CA-Col 10 (0.5975-0.8870)  (0.5009-0.7102) 0)
: 10 [0.843+0.083]
| t - -
major elements IA-CR+0I-Col 10 0(0) (0.7229-0.9457) 0(0)
. . 10[0.729+0.158]
CA-CR+0I-Col 10 000 (0.5172-0.9227) 0(0)
Test study A3.
Diagrams based {Zn} {Zprob} 50 {0} {0} {4}{2.8068} [8%] {6} {3.5068} [9%] {40} {29.8050} {0} {0}
on log-ratios of [%prob] [0%] [83%] [0%)]

major elements

For the explanation of abbreviations, see footnote of Table S17.



Table S47.

Testing of multidimensional diagrams from intermediate altered rocks of Moyuta and Tecuamburro volcanoes, Guatemala (Patino et al. 2003; Test study A4)

Total

Number of discriminated samples

Magma type, . Arc Within-plate Collision  Col [
Figure name Figure type number of — — — 7 4 a
samples  IA+CA[XE£S] IA[XES]1[pa] CcA[XES] CRHOI[XEIS]  XZITS][pcal®
(Piasca) © o} [Pcal © [Pcrior] ©
IA+CA-CR+0I- 4 [0.773+0.166] 0(0) 3[0.6097+0.0334]
Col (0.5740-0.9469) (0.5726-0.6373)
IA-CA-CR+0I 7 1 (0.5005) ?0[296;25307;32]) 0(0)
Intermediate; ' 5 '
Verma and 2 [0.508+0.050]
IA-CA-Col 7 [0.5223+0.0428] 0(0)
Verma (2013); (0.4719, 0.5431)
log-ratios of al 4 [0.736+0.220] PSR 3[0.807+0.073]
; + +
major elements - - P O9E. HOF =
IA-CR+OI-Col ! (0.5173-0.9342) 0(0) (0.7236-0.8532)
2
CA-CR+0I-Col 7 ?0[2;173007_305322]) 0(0) [0.51602+0.00324]
’ ' (0.5137, 0.5183)
Test study A4.
Diagrams based {Zn} Zprob} {4} {3.0921} 0 {16} {10.0142} {0} {0} 0
on log.ratios of [9%prob] 35 ] {7} {4.4586} [24%] [53%] [ 0%] {8} {5.2829} [23%]

major elements

For the explanation of abbreviations, see footnote of Table S17.

liv



Table S48.
Testing of multidimensional diagrams from basic rocks from the Sarapiqui Miocene (11.4-22.2 Ma) arc, Costa Rica (Gazel et al. 2005; Test study A5).

Predicted tectonic affinity and number of discriminated samples

Figure reference; figure type Discrimination diagram Total no. of (%)

samples (%)

IAB CRB+0IB CRB oIB MORB
IAB-CRB-OIB-MORB 10 (100) 6 (60) 1(10) 0(0) 3(30)
IAB-CRB-OIB 10 (100) 6 (60) 1(10) 3(30)
Agrawal et al. (2004); adjusted major IAB-CRB-MORB 10(100)  7(710) - 1(10) - 2 (20)
element concentrations
IAB-OI1B-MORB 10 (100) 6 (60) 1 (10) 3(30)
CRB-0OIB-MORB 10 (100) 1 (10) 0(0) 9 (90)
Test study A5. Synthesis of all five diagrams of Agrawal et al. (2004) 50 (100) 25 (50) 4(8) 4(8) 17 (34)
IAB-CRB-OIB-MORB 10 (100) 6 (60) - 4 (40) 0(0) 0(0)
IAB-CRB-OIB 10 (100) 7 (70) 1 (10) 2 (20)
verma etal. (2000); log-ratios of majora_crB-MORB 10(100)  7(70) - 330) - 0(0)
IAB-OIB-MORB 10 (100) 6 (60) 4 (40) 0(0)
CRB-0OIB-MORB 10 (100) 7 (70) 3(30) 0(0)
Test study A5. Synthesis of all five diagrams of Verma et al. (2006) 50 (100) 26 (52) 15 (30) 9 (18) 0(0)
IAB-CRB+0IB-MORB 10 (100) 6 (60) 1 (10) 3(30)
IAB-CRB-0OIB 10 (100) 6 (60) 3(30) 1 (10)
?ﬁ%”;%ﬁg%;%f‘% gfa%tlgie';ge'gf;'os of  |AB-CRB-MORB 10(100) 6 (60) 20200 - 2 (20)
IAB-OIB-MORB 10 (100) 6 (60) - - 1(10) 3(30)
CRB-OIB-MORB 10 (100) 1(10) 1(10) 8 (80)
Test study A5. Synthesis of all five diagrams of Verma and Agrawal 50 (100) 24 (48) 1(-) 7 (14) 3(6) 16(32)

(2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.



Table S49.

Testing of multidimensional diagrams from Miocene (11.4-22.2 Ma) basic rocks from the Sarapiqui paleoarc, Costa Rica (Gazel et al. 2005; Test

study A5).
Number of discriminated samples
Magma type, Totgl Arc Within-plate Collision
Figure name; Figure type numoer IA+CA[ v CR+OI [ X +
i of A IA[XEXS] cA[XES] z Col[XES]
gure number + X+S
samples X*tS] [pia] © [pca] © TJ5] [Pca] ©
(Piasca) © [Pcr+oi] ©
IA+CA-CR+OI- 12 2
Col 14 [0.889+0.080] 0(0) [0.5734+0.0115]
(0.6909-0.9840) (0.5653, 0.5816)
12 2
AL [0.745+0.132] [0.565+0.074]
IA-CA-CR+OI 14 (0.4222- (05126, 0(0)
0.9030) 0.6176)
Intermediate; 11 2
Verma and AL [0.773+0.118] [0.613+0.068]
Verma (2013);  A“CA-Col 14 (0.5200- (0.5652, 1(0.3978)
log-ratios of all 0.9481) 0.6613)
major elements; 13
) ) [0.903+0.126]
IA-CR+OI-Col 14 (0.5191- 0(0) 1 (0.5340)
0.9932)
12
) ) [0.775+0.142] 2 [0.580+0.076]
CA-CR+OI-Col 14 (0.4974- 00 (0.5267, 0.6339)
0.9492)
Test study A5.
Diagrams based {Zn} {Zprob} 70 {12} {10.6683} {36} {29.1787} {16} {11.6534} {0} {0} {6} {3.2393}
on log-ratios of [%prob] [---] [67%] [27%] [ 0%] [6%]
major elements
IA+CA-CR+OI- 12 2 [0.724+0.064]
Col 14 [0.874+0.182] 0 (0) © 6785, 0 §687)
(0.5066-0.9943) : i
11 3
AL [0.670+0.057] [0.489+0.054]
IA-CA-CR+0I 14 (0.5495- (0.4263- 0(0)
Intermediate; 0.7442) 0.5208)
Verma and 9 2
Verma (2013); AL [0.641+0.060] [0.529+0.049] 3[0.624+0.169]
log-ratios of IA-CA-Col 14 (0.5366- (0.4947, (0.4331-0.7548)
immobile major 0.7109) 0.5636)
and trace 12
elements [0.889+0.145] 2[0.669+0.065]
IA-CR+OI-Col 14 (0.5928- 00 (0.6225, 0.7150)
0.9917)
11
) ) [0.922+0.145] 2[0.592+0.160]
CA-CR+0I-Col 14 (0.5481- 1 (0.6499) (0.4793, 0.7050)
0.9993)
Test study A5.
Diagrams based
on log-ratios of
selected {Zn} {Zprob} 70 {12} {10.4894} {32} {23.7991}  {16}{12.6613} {1} {0.6499} {9} {5.8397}
[%6prob] [--] [57%] [31%] [1%] [11%]

immobile major
and trace
elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S50.

Testing of multidimensional diagrams from Quaternary (> 0.33 Ma) intermediate rocks of geothermal fields of the Taupo Volcanic Zone, New Zealand (Browne et al.
1992; Test study A6).

Total

Number of discriminated samples

Magma type, Fi ber of Arc Within-plate CR+OI Collision Col
Figure name igure type number o - ~ - 7+ 7+
samples  |a+CA[X XS]  IA[XES]  cA[XZESIpeal [XESIpeol [XES][pea] ®
(Pia+ca) © [pia] ©® ) e
IA+CA-CR+OI- - 22 [0.708£0.171] 00) 6 [0.693+0.171]
Col (0.5043-0.9941) (0.5458-0.9988)
_ A 18[0.7170.180] 10 [0.6550.177]
{?termed'zte? IA-CA-CR+OI 28 (0.5042-0.9814) (0.4044-0.8706) 0(0)
erma an
, . 10 [0.71620.251] 9 [0.578+0.158] 9 [0.591+0.180]
?(’)Zr_';iigoolfgil IA-CA-Col 28 (0.3534-0.9779) (0.3477-0.7784) (0.4102-0.9984)
T N 1 . o s
) ) 22 [0.7590.136] 6 [0.671+0.215]
CA-CR+OI-Col 28 (0.5419-0.9985) 00) (0.3729-0.9776)
Test study A6.
Diagrams based {Zn} {Zprob} 140 {22} {15.5813} {47} {34.6054} {41} {28.4448} {0} {0} {30} {19.6639}
on log-ratios of [%prob] [---] [43.9%] [36.1%] [ 0%] [20.0%)]
major elements
IA+CA-CR+OI- 5 [0.9360.061]
Col 5 (0.8286-0.9766) 000 00
Intermediate; 4 10.753+0.099
Verma and IA-CA-CR+OI 5 (0%176_0_8295% 1(0.6733) 0 (0)
Verma (2013);
log-ratios of IA-CA-Col 5 ?o[glgﬁosgi% 1(0.6179) 0(0)
immobile major : )
and trace ! 5 [0.919+0.073]
and trace IA-CR+0I-Col 5 (0.7884.0.9607) 0(0) 0(0)
5 [0.9744+0.0379]
CA-CR+0I-Col 5 (0.9072.0.9988) 0(0) 0(0)
Test studyA6.
Diagrams based
on log-ratios of {5} {4.6808} {13} {10.5968} {7} {6.1633} {0} {0} {0} {0}
immobile major =" £2Prob} 25 [63%] [37%] [ 0%] [ 0%]
[Yoprob]
and trace
elements

For the explanation of abbreviations, see footnote of Table S17.
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Table S51.
Testing of multidimensional diagrams from Neogene-Quaternary (0-4 and 15-23 Ma) basic rocks from SW Indian and SW Pacific seafloor, Indian
and Pacific Oceans (Pyle et al. 1995; Test study A7a).

Figure reference; Discrimination diagram Total no. of Predicted tectonic affinity and number of discriminated samples (%)
figure type samples (%)
1AB CRB+0IB CRB oIB MORB

Agrawal et al. IAB-CRB-0OIB-MORB 9 (100) 0(0) 0(0) 0(0) 9 (100)

2004); adjusted

(2004); adjuste IAB-CRB-OIB 9 (100) 2 (22) 3(33) 4 (45)

major element

concentrations IAB-CRB-MORB 9 (100) 0(0) 0(0) 9 (100)
IAB-OIB-MORB 9 (100) 0(0) 0(0) 9 (100)
CRB-OIB-MORB 9 (100) 0 (0) 0(0) 9 (100)

Test study A7a. Synthesis of all five diagrams of

Agrawal et al, (2004) 45 (100) 2(4.4) 3(6.7) 4(8.9) 36 (80)

Verma et al. (2006); 1AB-CRB-OIB-MORB 9 (100) 0 (0) 0 (0) 0(0) 9 (100)

log-ratios of major

elements IAB-CRB-0OIB 9 (100) 0(0) 2(22) 7(78)
IAB-CRB-MORB 9 (100) 0(0) 0(0) 9 (100)
IAB-OIB-MORB 9 (100) 0(0) 0(0) 9 (100)
CRB-0OIB-MORB 9 (100) 0 (0) 0(0) 9 (100)

Test study A7a. Synthesis of all five diagrams of

Verma et al. (2006) 45 (100) 0 (0) 2(4.9) 7 (15.6) 36 (80)

Agrawal et al. IAB-CRB+0IB-MORB 7 (100) 0(0) 0(0) 7 (100)

(2008); log-ratios of

immobile trace IAB-CRB-0OIB 7 (100) 0(0) 2(29) 5(71)

elements IAB-CRB-MORB 7 (100) 0(0) 0(0) 7(100)
IAB-OIB-MORB 7 (100) 0 (0) 0 (0) 7 (100)
CRB-0OIB-MORB 7 (100) 0 (0) 0 (0) 7 (100)

Test study A7a. Synthesis of all five diagrams

of Agrawal et al. (2008) 35 (100) 0 (0) 0(-) 2(5.7) 5(14.3) 28 (80)

Verma and Agrawal IAB-CRB+0IB-MORB 7 (100) 0(0) 1(14) 6 (86)

(2011); log-ratios of

immobile major and IAB-CRB-0OIB 7 (100) 5(71) 2(29) 0(0)

trace elements IAB-CRB-MORB 7 (100) 0(0) 1(14) 6 (86)
IAB-OIB-MORB 7 (100) 0(0) 0(0) 7 (100)
CRB-0IB-MORB 7 (100) 1(14) 0 (0) 6 (86)

Test study A7a. Synthesis of all five diagrams 35 (100) 5 (14) 1(-) 5 (14) 0(0) 25(72)

of Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S52.

Testing of multidimensional diagrams from Quaternary basic rocks from Central Indian Ridge, Indian Ocean (Yi et al. 2014; Test study A7b).

Figure reference; Discrimination diagram Total no. of Predicted tectonic affinity and number of discriminated samples (%)
figure type samples (%)
IAB CRB+0IB CRB (0]]=} MORB

Agrawal et al. IAB-CRB-0OIB-MORB 28 (100) 2(7) 2(7) 2(7) 22 (79)

2004); adjusted

(2004); adjuste IAB-CRB-OIB 28 (100) 17 (61) 6 (21) 5 (18)

major element

concentrations IAB-CRB-MORB 28 (100) 2(7) 4 (14) 22 (79)
IAB-OIB-MORB 28 (100) 2(7) 4 (14) 22 (79)
CRB-0OIB-MORB 28 (100) 0(0) 4 (14) 24 (86)

Test study A7h. Synthesis of all five diagrams of

Agrawal et al, (2004) 140 (100) 23 (16.4) 12 (8.6) 15 (10.7) 90 (64.3)

Verma et al. (2006); IAB-CRB-OIB-MORB 28 (100) 10 (36) 0(0) 1(3) 17 (61)

log-ratios of major

eloments IAB-CRB-OIB 28 (100) 10 (36) 2(7) 16 (57)
IAB-CRB-MORB 28 (100) 9(32) 0(0) 19 (68)
IAB-OIB-MORB 28 (100) 10 (36) 1(3) 17 (61)
CRB-OIB-MORB 28 (100) 3(11) 1(3) 24 (86)

Test study A7h. Synthesis of all five diagrams of

Verma et al. (2006) 140 (100) 39 (27.9) 5(3.6) 19 (13.6) 77 (55.0)

Agrawal et al. IAB-CRB+0IB-MORB 17 (100) 3(18) 0 (0) 14 (82)

(2008); log-ratios of

mobile trace IAB-CRB-OIB 17 (100) 3(18) 5 (29) 9 (53)

elements IAB-CRB-MORB 17 (100) 3(18) 0(0) 14 (82)
IAB-OIB-MORB 17 (100) 3(18) 0 (0) 14 (82)
CRB-OIB-MORB 17 (100) 0 (0) 0 (0) 17 (100)

Test study A7b. Synthesis of all five diagrams of

Agrawal et al. (2008) 85 (100) 12 (14.1) 0(-) 5(5.9) 9 (10.6) 59 (69.4)

Verma and Agrawal IAB-CRB+0IB-MORB 20 (100) 3 (15) 0 (0) 17 (85)

(2011); log-ratios of

immobile major and IAB-CRB-OIB 20 (100) 19 (95) 1(5) 0(0)

trace elements IAB-CRB-MORB 20 (100) 3(15) 0(0) 17 (85)
IAB-OIB-MORB 20 (100) 3(15) 0(0) 17 (85)
CRB-OIB-MORB 20 (100) 0(0) 1(5) 19 (95)

Test study A7b. Synthesis of all five diagrams of 100 (100) 28 (28.0) 0(-) 1(10) 1(10) 70 (70.0)

Verma and Agrawal (2011)

For the explanation of abbreviations, see footnote of Table 1 or S14.
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Table S53.

Testing of multidimensional diagrams from Quaternary intermediate rocks from the Aeolian Island, Italy (Del Moro et al. 2011; Test

study A8).
Number of discriminated samples
Magma type nIr?:Z:er Arc Within-plate Collision
' i v v CR+OI Y
Figure name Figure type of If+CA [ IA[XXS cA[XZXS] 7+ [ Col[XES]
samples XtS] 1[pial ® [Pcal ® XTES] [Pca] ©
(Piasca) © [Pcrror] ©
IA+CA-CR+OI- 7 [0.99996+0.00004]
Col ’ 00 0(0) (0.9999-1.0000)
6 [0.812+0.197
|ntermediate; IA-CA-CR+OI 7 -=- 0 (0) (0[5043_099991 1 (04546) ===
Verma and
) 7 [0.99868+0.00204]
Verma_(2013), IA-CA-Col 7 0(0) 0(0) (0.9948-1.0000)
log:ratios of all 7 [0.99993+0,00014]
major elements - - - : +0.
J IA-CR+OI-Col 7 0(0) 0(0) (0.9996-1.0000)
CA-CR+0I- 7 [0.9722+0.0280]
Col ! 0(0) 0(0) (0.9321-0.9994)
Test study A8.
Diagrams based {Zn} {Zprob} 35 {0} {0} {0} {0} {6} {4.8713} {1} {0.4546} {28} {27.7956}
on log-ratios of [%prob] [ 0%] [ 0%] [15%)] [1%)] [84%]
major elements
IA+CA-CR+OI- 7[0.939+0.071]
Col ’ 00 00) (0.7932-0.9970)
3
. 410.660+0.120]
Intermediate; IA-CA-CR+OI 7 0(0) (0.4880- [0.86820.197]
Verma and 0.7676) (0.6398-
Verma (2013); 0.9823)
log-ratios of 7 [0.9719+0.0256]
immobile trace ~ VCACOl ’ 00) 00) (0.9309-0.9926)
elements 7[0.9130.108]
IA-CR+0I-Col 7 0 (0) 0(0) (0,6929-0.995)
CA-CR+0I- 7[0.922+0.109]
Col ’ 00 00 (0.6869-0.9948)
Test study A8.
Diagrams based
: {0} {0} {0} {0} {4}{2.6402} {3} {2.6030} {28} {26.2215}
on log-ratios of {Zn} {Zprob} 35 0 0 0 0 0
immobile trace [%prob] [0%] [0%] [9%] [8%] [83%]

elements

For the explanation of abbreviations, see footnote of Table S17.



Table S54.

Testing of multidimensional diagrams from Quaternary acid rocks from the Aeolian Island, Italy (Del Moro et al. 2011; Test study A8).

Magma type, Figure Figure type Total Number of discriminated samples
name numfber Arc Within-plate Collision Col
0 = — = =
samples IA+CAL IA[XES] CA[XtS] creoI[XES [XES] [pwl®
XtS] [Pia] © [Pcal © 1 [pcreon] ©
(pPiasca) ®
40.79320.201] 5 [0.736+0.231]
IA+CA-CR+OI-Col 10 (0.5185.09877) 1 (0.5346) (0.5020-0.9704)
6 [0.7730.181] 3[0.688+0.235]
IA-CA-CR+OI 10 (0.5775-0.9982) 1(05718) (0.4576-0.9270)
Acid; Verma et al. 3[0.790+0.205] 6 [0.902+0.153]
(2012); All major IA-CA-Col 10 (0.5876-0.9983) 1(08847) (0.5963-0.9987)
elements 2 [0.713+0.240] 7[0.951:0.047]
IA-CR+OI-Col 10 (0.5437, 0.8831) 1(0.7291) (0.8596-0.9889)
7
CA-CR+0I-Col 10 [0.9703+0.0410] 1 (0.6449) (20[256137305%2?)
(0.8924-1.0000) B
;z:;;‘ggyl (gf_"raDﬁ'jf;?ms {En} {Zprob} 5 {4} {3.1709} {11} {8.4333} {9} {8.2488} {6} {3.9731} {20} {17.1507}
major elements [%prob] [--] [24%] [24%)] [10%)] [42%)]
40.79520.215] 5 [0.8190.140]
IA+CA-CR+OI-Col 10 (0.5030-0.9983) 1(0.5617) (0.6095.0.9645)
5 [0.904+0.204] 5 [0.802+0.096]
IA-CACR+OI 10 (0.5392-1.0000) 00 (0.7246-0.9310)
Acid; Verma et al. 4[0.9991:0.0011] 5 [0.99939:£0.00033]
(2013); All major 1A-CA-Col 10 (0.9980-1.0000) 1(0.8844) (0.9990-0.9997)
elements 5 [0.940+0.082] 4 [0.834+0.095]
IA-CR+OI-Col 10 (0.8403-1.0000) 1(06177) (0.7233-0.9536)
2
4 [0.822+0.167] 4 [0.763+0.145]
CA-CR+0I-Col 10 [0.5634+0.0240]
(0.6768-0.9997) (05465, 0.5804) (0.6131-0.9453)
gji;f:ﬁ ()Agf_;'r;t’i'sfgims {En} {Eprob} 5 {4} {3.1790} {14} {13.2117} (5} {4.1727} {9} {6.3171} {18} {15.4767}
major elements [%prob] -] [37%] [12%] [14%] [37%]
90.766+0.119]
IA+CA-CR+0I-Col 10 0 (0) 1(0.4611) (0.5796.0.9446)
. 5
é%'fé;’ fgm‘:a'ifoas' . IACACR+Ol 10 0(0) [0.5284+0.0195] ?0[212727307233
immob’ile ?najor and (0.5037-0.5492) . .
10 [0.748+0.122]
trace elements IA-CA-Col 10 0(0) 0(0) (0.5632-0.9144)
10 [0.781+0.119]
IA-CR+OI-Col 10 0 (0) 0 (0) (0.5388.0.9439)
Test study A8. Diagrams A-CR+OI-Col 1 10 [0.685+0.163]
based on log-ratios of CA-CR+OI-Co 0 00 0(0) (0.3833-0.9117)
immobile major and trace {Zn} {Zprob} 50 {0} {0} {0} {0} {5} {2.6418} {6} {3.3471} {39} {29.0341}
elements [%prob] [0%] [0%] [8%] [10%] [82%]
] ] 4710.773+0.195] 6 [0.764:0.138]
IA+CA-CR+OI-Col 10 00 (0.5366-0.9645) (0.5160-0.9392)
6[0.821+0.163] 4 [0.907+0.105]
Acid; Verma et al. IA-CA-CR+OI 10 00 (0.6021-0.9999)  (0.7764-0.9998)
(2013); log-ratios of 9 [0.812+0.084]
immobile trace IA-CA-Col 10 00 1(06838) (0.6754-0.9554)
elements 3[0.755+0.213] 7 [0.855+0.169]
IA-CR+QI-Col 10 00 (0.5764-0.9905) (0.5299-1.0000)
) ) 2[0.834+0.157] 8 [0.758+0.154]
CA-CR+OI-Col 10 00 (0.7222, 0.9448) (0.4944-0.9651)
gzz;;‘(‘jgyl :iaDti'jfg”f‘ms (En} {Zprob} 6 0} {0} 0} {0} (7} {56121} {13} {10.6515} {30} {23.9439}
. niog [%prob] [ 0%] [ 0%] [14%] [26%] [60%]
immobile trace elements

For the explanation of abbreviations, see footnote of Table S17.
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Fig. S1. Schematic locations of the 18 test (numbers 1 to 18) and 8 (numbers Al to A8) application studies.
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Fig. S2. Application of the set of five major
element-based discriminant-function DF1-
DF2 discrimination diagrams (see the subscript
m1 in all these diagrams; Agrawal et al. 2004)
for basic and ultrabasic rock samples from
Mauna Kea Island (Hawaiian Islands; Test
study 1a). The total number of samples and
their % success values are given in Table 1 for
the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
ultrabasic) magma.
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Fig. S3. Application of the set of five
immobile element-based discriminant-
function DF1-DF2 discrimination diagrams
(subscript t2 in all these diagrams; Verma and
Agrawal 2011) for basic and ultrabasic rock
samples from Mauna Kea Island (Hawaiian
Islands; Test study 1a). The total number of
samples and their % success values are given
in Table 1 for island arc (I1A), continental rift
(CR), ocean island (Ol), and mid-ocean ridge
(MOR). The letter B after the name of the
tectonic field represents basic (and ultrabasic)
magma. a. Four tectonic settings IA-CR+OI-
MOR; b. Three tectonic settings I1A-CR-Ol,
c. Three tectonic settings IA-CR-MOR; d.
Three tectonic settings IA-OI-MOR; and e.
Three tectonic settings CR—-OI-MOR.
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Fig. S4. Application of the set of five major
element-based discriminant-function DF1-
DF2 discrimination diagrams (see the
subscript m1 in all these diagrams; Agrawal et
al. 2004) for basic and ultrabasic rock samples
from Mauna Loa Island (Hawaiian Islands;
Test study 1b). The total number of samples
and their % success values are given in Table
S14 for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (OI), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic
(and also ultrabasic) magma. a. Four tectonic
settings IA-CR-OI-MOR; b. Three tectonic
settings IA—CR-OlI; c. Three tectonic settings
IA-CR-MOR; d. Three tectonic settings 1A—
OI-MOR; and e. Three tectonic settings CR—
OI-MOR.
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Fig. S5. Application of the set of five major
element-based discriminant-function DF1-
DF2 discrimination diagrams (see the
subscript m2 in all these diagrams; Verma et
al. 2006) for basic and ultrabasic rock samples
from Mauna Loa Island (Hawaiian Islands;
Test study 1b). The total number of samples
and their % success values are given in Table
S14 for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (OI), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic
(and also ultrabasic) magma. a. Four tectonic
settings IA-CR-OI-MOR; b. Three tectonic
settings IA—CR-OlI; c. Three tectonic settings
IA-CR-MOR; d. Three tectonic settings 1A—
OI-MOR; and e. Three tectonic settings CR—
OI-MOR.
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Fig. S6. Application of the set of five
immobile element-based discriminant-
function DF1-DF2 discrimination diagrams
(subscript t2 in all these diagrams; Verma and
Agrawal 2011) for basic and ultrabasic rock
samples from Mauna Loa Island (Hawaiian
Islands; Test study 1b). The total number of
samples and their % success values are given
in Table S14 for the tectonic settings of island
arc (1A), continental rift (CR), ocean island
(Ol), and mid-ocean ridge (MOR). The letter
B after the name of the tectonic field
represents basic (and also ultrabasic) magma.
a. Four tectonic settings IA-CR+OI-MOR; b.
Three tectonic settings IA-CR-OI; c. Three
tectonic settings IA-CR-MOR; d. Three
tectonic settings IA-OI-MOR; and e. Three
tectonic settings CR-OI-MOR.
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Fig. S7. Application of the set of five major
element-based discriminant-function DF1-
DF2 discrimination diagrams (see the
subscript m1 in all these diagrams; Agrawal et
al. 2004) for basic and ultrabasic rock samples
from Maui Island (Hawaiian Islands; Test
study 1c). The total number of samples and
their % success values are given in Table S15
for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic
(and also ultrabasic) magma. a. Four tectonic
settings IA-CR-OI-MOR; b. Three tectonic
settings IA—CR-OlI; c. Three tectonic settings
IA-CR-MOR; d. Three tectonic settings 1A—
OI-MOR; and e. Three tectonic settings CR—
OI-MOR.
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Fig. S8. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples from
Maui Island (Hawaiian Islands; Test study 1c).
The total number of samples and their %
success values are given in Table S15 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S9. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (see the
subscript t2 in all these diagrams; Verma and
Agrawal 2011) for basic and ultrabasic rock
samples from Maui Island (Hawaiian Islands;
Test study 1c). The total number of samples
and their % success values are given in Table
S15 for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
also ultrabasic) magma. a. Four tectonic
settings IA-CR+0OI-MOR; b. Three tectonic
settings IA-CR-OI; c. Three tectonic settings
IA-CR-MOR; d. Three tectonic settings 1A—
OI-MOR; and e. Three tectonic settings CR-
OI-MOR.
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Fig. S10. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m1 in all these diagrams; Agrawal et al. 2004)
for basic and ultrabasic rock samples from
Oahu Island (Hawaiian Islands; Test study 1d).
The total number of samples and their %
success values are given in Table S16 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S11. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples from
Oahu Island (Hawaiian Islands; Test study 1d).
The total number of samples and their %
success values are given in Table S16 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S12. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (subscript
t2 in all these diagrams; Verma and Agrawal
2011) for basic and ultrabasic rock samples
from Oahu Island (Hawaiian Islands; Test
study 1d). The total number of samples and
their % success values are given in Table S16
for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
AN I ultrabasic) magma. a. Four tectonic settings
-8 -4 0 4 8 IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S13. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
mint in all these diagrams; Verma and Verma
2013) for intermediate rock samples from
Oahu Island (Hawaiian Islands; Test study 1d).
The total number of samples and their %
success values are given in Table S17 for the
tectonic settings of island arc (1A), continental
arc (CA), continental rift (CR), ocean island
(OI) and collision (Col). a. Five tectonic
settings I1A+CA-CR+OI-Col; b. Four tectonic
settings IA-CA-CR+0Il; c. Four tectonic
settings 1A-CA-Col; d. Four tectonic settings
IA-CR+OI-Col; and e. Four tectonic settings
CA-CR+0I-Col.
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Fig. S14. Application of the set of five
immobile major and trace element-based
discriminant-function DF1-DF2 discrimination
diagrams (see the subscript mtint in all these
diagrams; Verma and Verma 2013) for
intermediate rock samples from Oahu Island
(Hawaiian Islands; Test study 1d). The total
number of samples and their % success values
are given in Table S17 for the tectonic settings
of island arc (lIA), continental arc (CA),
continental rift (CR), ocean island (Ol), and
collision (Col). a. Five tectonic settings IA+CA-
CR+OI-Col; b. Four tectonic settings IA-CA-
CR+OlI; c. Four tectonic settings I1A-CA-Col; d.
Four tectonic settings IA-CR+OI-Col; and e.
Four tectonic settings CA-CR+0I-Col.
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Fig. S15. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (subscript m1 in
all these diagrams; Agrawal et al. 2004) for
basic and ultrabasic rock samples from
Trindade Island (Southern Atlantic Ocean;
Test study 2). The total number of samples and
their % success values are given in Table S18
for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S16. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples from
Trindade Island (Test study 2). The total
number of samples and their % success values
are given in Table S18 for the tectonic settings
of island arc (1A), continental rift (CR), ocean
island (Ol), and mid-ocean ridge (MOR). The
letter B after the name of the tectonic field
represents basic (and also ultrabasic) magma.
a. Four tectonic settings IA-CR-OI-MOR; b.
Three tectonic settings IA-CR-OI; c. Three
tectonic settings IA-CR-MOR; d. Three
tectonic settings IA-OI-MOR; and e. Three
tectonic settings CR-OI-MOR.
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Fig. S17. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (subscript
tl in all these diagrams; Agrawal et al. 2008)
for basic and ultrabasic rock samples from
Trindade Island, southern Atlantic Ocean (Test
study 2). The total number of samples and
their % success values are given in Table S18
for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
ultrabasic) magma. a. Four tectonic settings
IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S18. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
mint in all these diagrams; Verma and Verma
2013) for intermediate rock samples from
Trindade Island, southern Atlantic Ocean (Test
study 2). The total number of samples and
their % success values are given in Table S19
for the tectonic settings of island arc (1A),
continental arc (CA), continental rift (CR),
ocean island (Ol), and collision (Col). a. Five
tectonic settings IA+CA-CR+0I-Col; b. Four
tectonic settings IA-CA-CR+OIl; c. Four
tectonic settings IA-CA-Col; d. Four tectonic
settings IA-CR+0OI-Col; and e. Four tectonic
settings CA-CR+OI-Col.
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Fig. S19. Application of the set of five
immobile trace element-based discriminant-
function DF1-DF2 discrimination diagrams
(see the subscript tint in all these diagrams;
Verma and Verma 2013) for intermediate rock
samples from Trindade Island, southern
Atlantic Ocean (Test study 2). The total
number of samples and their % success values
are given in Table S19 for the tectonic settings
of island arc (IA), continental arc (CA),
continental rift (CR), ocean island (Ol), and
collision (Col). a. Five tectonic settings
IA+CA-CR+0I-Col; b. Four tectonic settings
IA-CA-CR+OI; c. Four tectonic settings IA-
CA-Col; d. Four tectonic settings IA-CR+OI-
Col; and e. Four tectonic settings CA-CR+OlI-

Col.
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Fig. S20. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m1 in all these diagrams; Agrawal et al. 2004)
for basic and ultrabasic rock samples from
White Island (Antarctica, Ross Sea; Test study
3). The total number of samples and their %
success values are given in Table S20 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S21. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples from
White Island (Antarctica, Ross Sea; Test study
3). The total number of samples and their %
success values are given in Table S20 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S22. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (subscript
tl in all these diagrams; Agrawal et al. 2008)
for basic and ultrabasic rock samples from
White Island (Antarctica, Ross Sea; Test study
3). The total number of samples and their %
success values are given in Table S20 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S23. Application of the set of five immobile
element-based discriminant-function DF1-DF2
discrimination diagrams (see the subscript t2 in all
these diagrams; Verma and Agrawal 2011) for
basic and ultrabasic rock samples from White
Island (Antarctica, Ross Sea; Test study 3). The
total number of samples and their % success values
are given in Table S20 for the tectonic settings of
island arc (1A), continental rift (CR), ocean island
(OD), and mid-ocean ridge (MOR). The letter B
after the name of the tectonic field represents basic
(and also ultrabasic) magma. a. Four tectonic
settings IA-CR+OI-MOR; b. Three tectonic
settings IA-CR-OI; c. Three tectonic settings 1A—
CR-MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S24. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (subscript m1 in
all these diagrams; Agrawal et al. 2004) for
basic and ultrabasic rock samples from
McMurdo Sound region (Antarctica; Test
study 4). The total number of samples and
their % success values are given in Table S21
for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S25. Application of the set of five major
element-based discriminant-function DF1-DF2
discrimination diagrams (see the subscript m2 in
all these diagrams; Verma et al. 2006) for basic
and ultrabasic rock samples McMurdo Sound
region, Antarctica (Test study 4). The total
number of samples and their % success values
are given in Table S21 for the tectonic settings
of island arc (IA), continental rift (CR), ocean
island (Ol), and mid-ocean ridge (MOR). The
letter B after the name of the tectonic field
represents basic (and also ultrabasic) magma. a.
Four tectonic settings IA-CR-OI-MOR; b.
Three tectonic settings IA-CR-OI; c. Three
tectonic settings IA-CR-MOR; d. Three
tectonic settings IA-OI-MOR; and e. Three
tectonic settings CR—-OI-MOR.
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Fig. S26. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (subscript
tl in all these diagrams; Agrawal et al. 2008)
for basic and ultrabasic rock samples from
McMurdo Sound region (Antarctica; Test
study 4). The total number of samples and
their % success values are given in Table S21
for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
ultrabasic) magma. a. Four tectonic settings
IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.

Ixxxvii



DF2(aB-crE+0IB-MORB)2

DF21ag-cr-MORB)t2

DF2 cre-ois-MoRB)t2

a
4l CRB+OIB
0_
4t
-8 e
-8 -4 0 4

DF1(ag-crB+0IB-MORB)t2

-4 0 4

DFl(IAB-CRB-MOR B)t2

DF1(crs-oiB-MORB)t2

IAB

DF2(-cre-0mB)t2

-8 -4 0 4 8

DF1(ag-cre-oB)2

4 |0IB

DF2(a8-018-MORB)t2
o

-8 -4 0 4 8
DFl(IAB-OIB-MORB)tZ

Fig. S27. Application of the set of five immobile
element-based discriminant-function DF1-DF2
discrimination diagrams (see the subscript t2 in
all these diagrams; Verma and Agrawal 2011)
for basic and ultrabasic rock samples from
McMurdo Sound region (Antarctica; Test study
4). The total number of samples and their %
success values are given in Table S21 for the
tectonic settings of island arc (IA), continental
rift (CR), ocean island (Ol), and mid-ocean ridge
(MOR). The letter B after the name of the
tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings IA—
CR+OI-MOR; b. Three tectonic settings IA-
CR-OI; c. Three tectonic settings IA-CR-MOR;
d. Three tectonic settings IA-OI-MOR; and e.
Three tectonic settings CR-OI-MOR.

Ixxxviii



DF2(ag-crB-MORB)M1 DF2(aB-crB-0IB-MORB)m1

DF2 cre-oiB-MORB)m1

DF1ag-crB-01B-MORB)M1

-8 -4 0 4 8

DFl(IAB-CRB-MORB)m 1

DF1cre-oiB-MORB)M1

IAB

DF2(a-cre-0iB)m1

-8 -4 0 4 8

DF1(ag-cre-0iB)m1

DF2(1ag-o1B-MORB)m1

DFl(IAB-OIB-MORB)m 1

Fig. S28. Application of the set of five major
element-based discriminant-function DF1-DF2
discrimination diagrams (see the subscript ml in
all these diagrams; Agrawal et al. 2004) for basic
and ultrabasic rock samples from Garrotxa, NE
Volcanic province (Spain; Test study 5). The total
number of samples and their % success values are
given in Table S22 for the tectonic settings of
island arc (I1A), continental rift (CR), ocean island
(Ql), and mid-ocean ridge (MOR). The letter B
after the name of the tectonic field represents basic
(and also ultrabasic) magma. a. Four tectonic
settings IA-CR-OI-MOR; b. Three tectonic
settings IA-CR-OI; c. Three tectonic settings 1A—
CR-MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S29. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples Garrotxa,
NE Volcanic province (Spain; Test study 5).
The total number of samples and their %
success values are given in Table S22 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S30. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (see the
subscript t1 in all these diagrams; Agrawal et
al. 2008) for basic and ultrabasic rock samples
from Garrotxa, NE Volcanic province (Spain;
Test study 5). The total number of samples and
their % success values are given in Table S22
for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
also ultrabasic) magma. a. Four tectonic
settings IA-CR+0OI-MOR; b. Three tectonic
settings IA-CR-OI; c. Three tectonic settings
IA-CR-MOR; d. Three tectonic settings 1A—
OI-MOR; and e. Three tectonic settings CR-
OI-MOR.
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Fig. S31. Application of the set of five immobile
element-based discriminant-function DF1-DF2
discrimination diagrams (see the subscript t2 in all
these diagrams; Verma and Agrawal 2011) for
basic and ultrabasic rock samples from Garrotxa,
NE Volcanic province (Spain; Test study 5). The
total number of samples and their % success values
are given in Table S22 for the tectonic settings of
island arc (I1A), continental rift (CR), ocean island
(OD), and mid-ocean ridge (MOR). The letter B
after the name of the tectonic field represents basic
(and also ultrabasic) magma. a. Four tectonic
settings IA-CR+OI-MOR; b. Three tectonic
. . . . . . . settings IA-CR-OI; c. Three tectonic settings |A—
-8 4 0 4 8 CR-MOR,; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S32. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m1 in all these diagrams; Agrawal et al. 2004)
for basic and ultrabasic rock samples from
Styrian basin (Austria; Test study 6). The total
number of samples and their % success values
are given in Table S23 for the tectonic settings
of island arc (1A), continental rift (CR), ocean
island (Ol), and mid-ocean ridge (MOR). The
letter B after the name of the tectonic field
represents basic (and also ultrabasic) magma.
a. Four tectonic settings IA-CR-OI-MOR; b.
Three tectonic settings IA-CR-OI; c. Three
tectonic settings IA-CR-MOR; d. Three
tectonic settings IA-OI-MOR; and e. Three
tectonic settings CR-OI-MOR.
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Fig. S33. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples from
Styrian basin (Austria; Test study 6). The total
number of samples and their % success values
are given in Table S23 for the tectonic settings
of island arc (1A), continental rift (CR), ocean
island (Ol), and mid-ocean ridge (MOR). The
letter B after the name of the tectonic field
represents basic (and also ultrabasic) magma.
a. Four tectonic settings IA-CR-OI-MOR; b.
Three tectonic settings IA-CR-OI; c. Three
tectonic settings IA-CR-MOR; d. Three
tectonic settings IA-OI-MOR; and e. Three
tectonic settings CR-OI-MOR.

XCiv



DF2(ag-crE+0IB-MORB)t1

DF21ag-cr-MORB)t1

DF2 cre-ois-MoRrB)t1

IAB

B

CRB+0OIB

8 -4

0 4

DF1(ag-crB+0IB-MORB)t1

8 -4

0 4

DFl(IAB-CRB-MOR B)t1

MORB

8 -4

DF1(crs-oiB-MORB)t1

0 4

IAB

DF2(aB-cre-0mB)t1

-8 -4 0 4 8

DF1(ag-cre-0B)t1

DF2(a8-018-MORB)t1

-8 -4 0 4 8
DFl(IAB-OIB-MORB)tl

Fig. S34. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (see the
subscript t1 in all these diagrams; Agrawal et
al. 2008) for basic and ultrabasic rock samples
from Styrian basin (Austria; Test study 6). The
total number of samples and their % success
values are given in Table S23 for the tectonic
settings of island arc (IA), continental rift
(CR), ocean island (Ol), and mid-ocean ridge
(MOR). The letter B after the name of the
tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S35. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (subscript
t2 in all these diagrams; Verma and Agrawal
2011) for basic and ultrabasic rock samples
from Styrian basin (Austria; Test study 6). The
total number of samples and their % success
values are given in Table S23 for the tectonic
settings of island arc (IA), continental rift
(CR), ocean island (Ol), and mid-ocean ridge
(MOR). The letter B after the name of the
tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S36. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m1 in all these diagrams; Agrawal et al. 2004)
for basic and ultrabasic rock samples from
Mount Cameroon (Cameroon; Test study 7).
The total number of samples and their %
success values are given in Table S24 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S37. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples from
Mount Cameroon (Cameroon; Test study 7).
The total number of samples and their %
success values are given in Table S24 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S38. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (subscript
t2 in all these diagrams; Verma and Agrawal
2011) for basic and ultrabasic rock samples
from Mount Cameroon (Cameroon; Test study
7). The total number of samples and their %
success values are given in Table S24 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
AN I ultrabasic) magma. a. Four tectonic settings
-8 -4 0 4 8 IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S39. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m1 in all these diagrams; Agrawal et al. 2004)
for basic and ultrabasic rock samples from
Nosy Be Archipelago (Madagascar; Test study
8).The total number of samples and their %
success values are given in Table S25 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S40. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples from
Nosy Be Archipelago (Madagascar; Test study
8). The total number of samples and their %
success values are given in Table S25 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S41. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (subscript
t2 in all these diagrams; Verma and Agrawal
2011) for basic and ultrabasic rock samples
from Nosy Be Archipelago (Madagascar; Test
study 8). The total number of samples and
their % success values are given in Table S25
for the tectonic settings of island arc (1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
AN I ultrabasic) magma. a. Four tectonic settings
-8 -4 0 4 8 IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S42. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m1 in all these diagrams; Agrawal et al. 2004)
for basic and ultrabasic rock samples from
Tianheyong (Inner Mongolia; Test study 9).
The total number of samples and their %
success values are given in Table S26 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S43. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
m2 in all these diagrams; Verma et al. 2006)
for basic and ultrabasic rock samples from
Tianheyong (Inner Mongolia; Test study 9).
The total number of samples and their %
success values are given in Table S26 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR-OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S44. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (see the
subscript t1 in all these diagrams; Agrawal et
al. 2008) for basic and ultrabasic rock samples
from Tianheyong (Inner Mongolia; Test study
9). The total number of samples and their %
success values are given in Table S26 for the
tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean
ridge (MOR). The letter B after the name of
the tectonic field represents basic (and also
ultrabasic) magma. a. Four tectonic settings
IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR
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Fig. S45. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (subscript m1 in
all these diagrams; Agrawal et al. 2004) for
basic and ultrabasic rock samples from Halaha
volcanic field (Central Great Xing’an Range,
NE China; Test study 10). The total number of
samples and % success values are given in
Table S27 for island arc (IA), continental rift
(CR), ocean island (Ol), and mid-ocean ridge
(MOR). The letter B after the name of the
tectonic field represents basic (and ultrabasic)
magma. a. Four tectonic settings IA-CR-OI—
MOR; b. Three tectonic settings IA-CR-OI; c.
Three tectonic settings IA-CR-MOR; d. Three
tectonic settings IA-OI-MOR; and e. Three
tectonic settings CR-OI-MOR.
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Fig. S46. Application of the set of five major
element-based discriminant-function DF1-DF2
discrimination diagrams (see the subscript m2 in
all these diagrams; Verma et al. 2006) for basic
and ultrabasic rock samples from Halaha volcanic
field (Central Great Xing’an Range, NE China;
Test study 10). The total number of samples and
their % success values are given in Table S27 for
the tectonic settings of island arc (1A), continental
rift (CR), ocean island (Ol), and mid-ocean ridge
(MOR). The letter B after the name of the tectonic
field represents basic (and also ultrabasic) magma.
a. Four tectonic settings IA-CR-OI-MOR; b.
Three tectonic settings IA-CR-OI; c¢. Three
tectonic settings IA-CR-MOR; d. Three tectonic
settings IA-OI-MOR; and e. Three tectonic
settings CR—OI-MOR.
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Fig. S47. Application of the set of five
immobile element-based discriminant-function
DF1-DF2 discrimination diagrams (subscript
tl in all these diagrams; Agrawal et al. 2008)
for basic and ultrabasic rock samples from
Halaha volcanic field (Central Great Xing’an
Range, NE China; Test study 10). The total
number of samples and their % success values
are given in Table S27 for island arc (I1A),
continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
ultrabasic) magma. a. Four tectonic settings
IA-CR+OI-MOR; b. Three tectonic settings
IA-CR-OI; c. Three tectonic settings IA-CR—
MOR; d. Three tectonic settings IA-OI-MOR;
and e. Three tectonic settings CR-OI-MOR.
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Fig. S48. Application of the set of five immobile
element-based discriminant-function DF1-DF2
discrimination diagrams (see the subscript t2 in all
these diagrams; Verma and Agrawal 2011) for
basic and ultrabasic rock samples from Halaha
volcanic field (Central Great Xing’an Range, NE
China; Test study 10). The total number of
samples and their % success values are given in
Table S27 for the tectonic settings of island arc
(1A), continental rift (CR), ocean island (Ol), and
mid-ocean ridge (MOR). The letter B after the
name of the tectonic field represents basic (and
also ultrabasic) magma. a. Four tectonic settings
IA-CR+OI-MOR; b. Three tectonic settings 1A—

-8 -4 0 4 8  CR-OI; c. Three tectonic settings IA-CR-MOR; d.
Three tectonic settings IA-OI-MOR; and e. Three
DF1cre-ois-MorB)t2 tectonic settings CR-OI-MOR.
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Fig. S49. Application of the set of five major
element-based discriminant-function DF1-
DF2 discrimination diagrams (see the subscript
m3 in all these diagrams; Verma et al. 2012)
for acid rock samples from Aniakchak
ignimbrite, Alaska (Test study 11). The total
number of samples and their % success values
are given in Table S28 for the tectonic settings
of island arc (IA), continental arc (CA),
continental rift (CR), ocean island (Ol), and
collision (Col). a. Five tectonic settings
IA+CA-CR+0I-Col; b. Four tectonic settings
IA-CA-CR+OI; c. Four tectonic settings IA-
CA-Col; d. Four tectonic settings IA-CR+OI-
Col; and e. Four tectonic settings CA-CR+OlI-

Col.
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Fig. S50. Application of the set of five major
element-based discriminant-function DF1-—
DF2 discrimination diagrams (see the subscript
macid in all these diagrams; Verma et al.
2013) for acid rock samples from Aniakchak
ignimbrite, Alaska (Test study 11). The total
number of samples and their % success values
are given in Table S28 for the tectonic settings
of island arc (IA), continental arc (CA),
continental rift (CR), ocean island (Ol), and
collision (Col). a. Five tectonic settings
IA+CA-CR+0I-Col; b. Four tectonic settings
IA-CA-CR+OI; c. Four tectonic settings 1A-
CA-Col; d. Four tectonic settings IA-CR+OI-
Col; and e. Four tectonic settings CA-CR+OI-

Col.
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Fig. S51. Application of the set of five
immobile major and trace element-based
discriminant-function DF1-DF2 discrimination
diagrams (see the subscript mtacid in all these
diagrams; Verma et al. 2013) for acid rock
samples from Aniakchak ignimbrite, Alaska
(Test study 11). The total number of samples
and their % success values are given in Table
S28 for the tectonic settings of island arc (1A),
continental arc (CA), continental rift (CR),
ocean island (Ol), and collision (Col). a. Five
tectonic settings IA+CA-CR+OI-Col; b. Four
tectonic settings IA-CA-CR+OIl; c¢. Four
tectonic settings 1A-CA-Col; d. Four tectonic
settings IA-CR+OI-Col; and e. Four tectonic
settings CA-CR+OI-Col.
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Fig. S52. Application of the set of five
immobile trace element-based discriminant-
function DF1-DF2 discrimination diagrams
(see the subscript tacid in all these diagrams;
Verma et al. 2013) for acid rock samples from
Aniakchak ignimbrite, Alaska (Test study 11).
The total number of samples and their %
success values are given in Table S28 for the
tectonic settings of island arc (1A), continental
arc (CA), continental rift (CR), ocean island
(Ol), and collision (Col). a. Five tectonic
settings I1A+CA-CR+OI-Col; b. Four tectonic
settings IA-CA-CR+0Il; c. Four tectonic
settings 1A-CA-Col; d. Four tectonic settings
IA-CR+OI-Col; and e. Four tectonic settings
CA-CR+0I-Col.
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