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The 2Q–(Or + Ab)–4An (QUORAA) diagram: poor for classification but 
good at deciphering the evolution of granitoids
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The 2Q–(Or + Ab)–4An (QUORAA) diagram (Enrique 2018) is proposed as an approximation of the modal QAP naming 
scheme for silica-saturated plutonic rocks. However, whether this scheme can reasonably reproduce the modal QAP 
classification results still needs to be tested. Through the inspection based on a dataset of 955 pairs of the mineral mode 
and whole-rock chemical compositions from the literature, it was found that the ratio of consistency between the two 
schemes is only 63.56 %. The consistency ratio is higher for discrimination of the granites (s.s.), but the inconsistency 
increases significantly for the rocks containing more mafic minerals (M > 25 %). As a section of the An–Ab–Or–Q 
(haplogranodiorite) tetrahedron, the QUORAA diagram is very helpful to illustrate the evolutionary paths of granitoid 
melts. The typical arc-related (ACG + ATG), the collision-related peraluminous (CPG + MPG), the rift-related peralkaline 
(PAG) as well as the potassic KCG granitoids show different trajectories in the QUORAA diagram. It is concluded that 
the QUORAA diagram would be applicable as a petrogenetic tool rather than the classification scheme.
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are contrasting opinions on the reliability of chemistry-
based classification diagrams (Vilinovič and Petrík 1982; 
Whalen and Frost 2013; Stanley 2017; Bonin et al. 2020). 
Recently, Enrique (2018) proposed a new CIPW norm-
based (Cross et al. 1902) 2Q–(Or + Ab)–4An diagram 
(abbreviated QUORAA below) for the classification 
of the silica-saturated plutonic rocks as an alternative 
of the QAP system. In the current paper, the reliability 
of the QUORAA scheme is tested by plotting a dataset 
of 955 pairs of mineral modes + whole-rock chemical 
compositions taken from the literature. The petrogenetic 
implications of the QUORAA diagram for granitoids are 
also discussed.

2. The QUORAA diagram

In the QAP scheme, three vertices Q, A, and P repre-
sent quartz, alkali feldspar and plagioclase respective-
ly, and the silica-saturated plutonic rocks are classified 
into 17 categories according to the different Q–A–P 
portions (Fig. 1) (Streckeisen 1976; Le Maitre 2002). 
The QAP diagram is simple and reliable, making it 
very practical as a description and communication 
tool for naming granitoids (Bonin et al. 2020), but it 
does not apply to hypabyssal and volcanic rocks with 
fine mineral particles and/or glass. As pointed out by 

1. Introduction

The classification is fundamental for the study of gran-
itoids (Frost et al. 2001; Le Maitre 2002; Bonin et al. 
2020). The modal QAPF scheme recommended by IUGS, 
whose purpose was to “give each plutonic rock its proper 
name” (Streckeisen 1976), has been widely accepted by 
the global geological community (Frost et al. 2019; Ho-
gan 2019). Although the QAPF scheme is based on the 
objective mineral proportions (mode) of the plutonic and 
coarse-grained volcanic rocks, it suffers from the problem 
of dividing a continuum of rock compositions into several 
bins, because the mineral content of rocks in nature is 
gradually changing. Meanwhile, the point-counting of 
minerals in the thin-sections or slabs is time-consuming 
and boring. Or, worse still, it is imprecise or misleading, 
due to the presence of phenocrysts, fabric, problems with 
identification of colourless minerals etc. (Janoušek et al. 
2014). Accordingly, the quantitative modal analyses of 
the granitoids are seldom reported in recent literature; for 
example, only about 5 % of the data in the igneous rock 
database in western North America (NAVDAT) reported 
its actual mineral contents (Glazner et al. 2019a, b). 

Instead, a variety of schemes has been proposed to 
classify granitoids using petrochemical indicators (Le 
Maitre 1976; Streckeisen and Le Maitre 1979; Debon 
and Le Fort 1988; Middlemost 1994). However, there 
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Enrique (2018), the QAP diagram cannot distinguish 
diorite with plagioclase An < 50 from gabbro with 
An ≥ 50 directly. Moreover, the QAP projection causes 
the discontinuous categorization of granites (s.s.) 

when the plagioclase falls below the 5 % of anorthite 
content, i.e., the projections of a continuum of granite 
(s.s.) compositions may jump from monzogranite to 
alkali feldspar granite.
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Fig. 1 The modal QAP ternary diagram (Streckeisen 1976). 1a quartzo-
lite; 1b quartz-rich granitoid; 2 alkali-feldspar granite; 3 granite (3a 
syenogranite, 3b monzogranite); 4 granodiorite; 5 tonalite; 6* quartz 
alkali-feldspar syenite; 7*quartz syenite; 8* quartz monzonite; 9* quartz 
monzodiorite/quartz monzogabbro; 10* quartz diorite/quartz gabbro/
quartz anorthosite; 6 alkali-feldspar syenite; 7 syenite; 8 monzonite; 
9 monzodiorite/monzogabbro; 10 diorite/gabbro/anorthosite.
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Fig. 2 The CIPW-normative 2Q–(Or + Ab)–4An (QUORAA) ternary 
diagram (Enrique 2018). 1 quartzolite, 2 quartz-rich granitoids, 3 al-
kali-feldspar granite, 4 syenogranite + sub-anorthite monzogranite, 
5 monzogranite, 6 granodiorite, 7 tonalite, 8 tonalgabbro, 9 tonaleu-
crite, 10 quartz alkali-feldspar syenite, 11 quartz syenite, 12 quartz 
monzonite, 13 quartz monzodiorite/quartz monzogabbro, 14 quartz 
diorite, 15 quartz gabbro, 16 quartz eucrite, 17 alkali feldspar syenite, 
18 syenite, 19 monzonite, 20 monzodiorite/monzogabbro, 21 diorite, 
22 gabbro, 23 eucrite.

Tab. 1 Compilation of literature sources that contain both the actual mineral modes and the whole-rock chemical compositions of plutonic rocks

Country Plutons Literature sources
Australia Kosciusko Batholith (ACG + ATG, CPG + MPG) Hine et al. (1978)
China Beijing Badaling Batholith (KCG) Bai et al. (1991)
China The plutons of Hebei Province (KCG, TTG, PAG) Wang et al. (1994)
Colombia Ibagué Batholith (ACG + ATG) Rodríguez-García et al. (2022)
Czech Republic Central Bohemian Pluton (KCG) Poubová (1974)
France Margeride Pluton (CPG + MPG) Debon and Le Fort (1988)
Norway Lofoten–Vesteralen Batholith (PAG) Malm and Ormaasen (1978)
Poland Małopolska Batholith (ACG + ATG, KCG) Wolska (2012)
Scotland, UK Ballachulish Pluton (KCG, PAG) Weiss and Troll (1989)
USA Central Sierra Nevada plutons (ACG + ATG) Bateman et al. (1984)
USA Eastern Sierra Nevada and Benton Range plutons (ACG + ATG) Bateman et al. (1984)
USA Gibson Peak Batholith (ACG + ATG) Lipman (1963)
USA Marcy anorthosite–charnockite suite (PAG) de Waard (1970)
USA Mount Givens Granodiorite (ACG + ATG) Bateman and Nokleberg (1978)
USA Sherman Batholith (PAG) Frost et al. (1999)
USA Sierra National Forest plutons (ACG + ATG) Bateman et al. (1984)
USA South California Batholith (ACG + ATG) Larson (1948)
USA Tuolumne Intrusive Suite (ACG + ATG) Bateman et al. (1988)
USA White and Northern Inyo Mountains plutons (ACG + ATG) Bateman et al. (1984)
USA Yosemite plutons (ACG + ATG) Bateman et al. (1984)
The abbreviations in the parentheses represent the Barbarin’s (1999) granitoid groups each of batholiths/plutons belongs to. ACG – amphibole-rich 
calc-alkaline granitoids, ATG – arc “tholeiitic” granitoids, CPG – cordierite-bearing, biotite-rich peraluminous granitoids, MPG – muscovite-bea-
ring peraluminous granitoids, KCG – K-rich and Kfs-phyric calc-alkaline granitoids, PAG – peralkaline and alkaline granitoids, TTG – tonalite, 
trondhjemite, granodiorite.
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The QUORAA scheme is proposed to overcome the 
shortcomings of the QAP scheme mentioned above (Enrique 
2018). In this new, CIPW norm-based diagram, the silica-
saturated plutons are classified into 23 fields according to the 
ternary feldspar index IFT = 100 × An/(An + Ab + Or) (Fig. 2). 
The apices of the ternary diagram are CIPW-normative 
2 × Qz, (Or + Ab), and 4 × An, respectively.

Enrique (2018) believed that the QUORAA scheme 
realizes the uninterrupted classification of silica-saturated 
igneous rocks, keeping most of the same naming as the 
QAP classification system. Compared with the QAP dia-
gram, its merits include that: 
1) After the combination of CIPW-normative Ab and Or as 

one apex, it demonstrates the progressive evolution of 
the feldspar series from the calcic to the sodic plagiocla-
se and the K-feldspar. This treatment removes the jumps 
caused by the distinction of the albite with An < 5 from 
the plagioclase with An > 5.

2) The overlap between diorite 
and gabbro is avoided.

3) Using the CIPW norm, the 
new scheme is more conveni-
ent in practice than the point-
-counting procedure, and it 
can be applied consistently to 
the hypabyssal and volcanic 
rocks as well.

3. Reliability test for 
the QUORAA scheme

3.1. Data compilation 
and projections

For testing the reliability of the 
QUORAA scheme, 955 data 

pairs from samples for which were available both a min-
eral mode and a chemical composition were projected in 
the modal QAP and the normative QUORAA diagrams, 
respectively (Fig. 3). The data are compiled from the 
literature (see Tab. 1 for sources).

To remove the potential bias from using the different 
CIPW norm calculation procedures, all chemical data 
were calculated by the CIPW norm software SINCLAS 
(Verma et al. 2002), applying the adjustment of iron ox-
ides proposed by Middlemost (1989).

For the convenience of comparison, the categories in 
QUORAA diagram are matched with the fields of QAP 
classification system (Tab. 2 and Fig. 3). The actual 
mineral modes of each sample in the compilation are 
projected in the QAP diagram; at the same time, the 
corresponding CIPW norms are plotted in the QUORAA 
diagram. When the rock names from QAP and QUORAA 
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Fig. 3 The modal QAP (a) and CIPW-normative QUORAA (b) ternary diagrams for all 955 analyses compiled from the literature (the data sources 
are shown in Table 1).

Tab. 2 Correspondence between the categories/fields of the QAP and the QUORAA diagrams

QAP fields QUORAA categories
 1a Quartzolite  1 Quartzolite
 1b Quartz-rich granitoids  2 Quartz-rich granitoids
 2 Alkali-feldspar granite  3 Alkali-feldspar granite
 3 Granite  4 Syenogranite + sub-anorthite monzogranite, 5 Monzogranite
 4 Granodiorite  6 Granodiorite
 5 Tonalite  7 Tonalite, 8 Tonalgabbro, 9 Tonaleucrite
 6* Quartz alkali-feldspar syenite 10 Quartz alkali-feldspar syenite
 7* Quartz syenite 11 Quartz syenite
 8* Quartz monzonite 12 Quartz monzonite
 9* Quartz monzodiorite 13 Quartz monzodiorite/Quartz monzogabbro
10* Quartz diorite/Quartz gabbro 14 Quartz diorite, 15 Quartz gabbro, 16 Quartz eucrite
 6 Alkali feldspar syenite 17 Alkali feldspar syenite
 7 Syenite 18 Syenite
 8 Monzonite 19 Monzonite
 9 Monzodiorite 20 Monzodiorite/Monzogabbro
10 Diorite/Gabbro/Anorthosite 21 Diorite, 22 Gabbro, 23 Eucrite
The rock names for each QAP field and QUORAA category are taken from Le Maitre (2002) and Enrique 
(2018), respectively. The category numbers and rock names of the QUORAA diagram are listed in italics.
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diagrams match, the sample is counted as “right” (1); if 
not, it is counted as wrong (0). The final scores (replica-
tion rates) of the QUORAA diagram are derived from 
the number of samples that fell in the “right” fields of 
QAP scheme.

3.2. Results

Using the compiled literature dataset, 608 samples out 
of the 955 plot into the consistent categories in both dia-
grams (Fig. 3). This means that the QUORAA diagram 
replicates the modal QAP classifications at a rate of 
63.56 % for the compiled dataset.

More detailed QUORAA discrimination results for the 
individual categories of modal QAP are listed in Tab. 3. 
The replication rates for granite (s.s.) (Field 3) and diorite 
(Field 10) are more than 80 %. For the samples belonging 
to the granodiorite (Field 4), monzonite (Field 8), and 
monzodiorite (Field 9) fields in the modal QAP diagram, 
the QUORAA diagram gets replication rates of 60 %. 
Moreover, it is unsuccessful to discriminate the tonalite 
(Field 5), quartz monzonite (Field 8*), and quartz mon-
zodiorite (Field 9*). For the same QAP categories, the 
replication rates of the felsic samples (M < 25 %) are higher 
than those of the more mafic ones (M > 25 %) ones with 

the exception of the diorite rocks 
(fields 10* and 10) (Tab. 4).

The replication rates of the 
QUORAA diagram vary from 
case to case. The S-type granit-
oids of Kosciusko Batholith in 
Australia (20 samples) have a 
success discrimination rate of 
85 %, compared with the modal 
QAP classification (Fig. 4a–b). 
For the eighty-two samples of the 
Early Yanshanian (Jurassic) plu-
tons from Hebei Province, China, 
fifty-three samples are correctly 

discriminated by QUORAA diagram (~65% success rate) 
(Fig. 5a–b). The QUORAA diagram does not yield ac-
ceptable results for the 13 samples from the Małopolska 
Batholith of Poland (Fig. 6a–b), as the projections of six 
host granite samples are shifted from the tonalite (Field 5) 
and granodiorite (Field 4) of the modal QAP diagram to the 
granodiorite (Field 4) and granite (fields 3a and 3b) within 
the QUORAA diagram. In contrast, the mafic microgranu-
lar enclaves (MMEs) (14 samples) jump from the tonalite 
(Field 5) and quartz diorite (Field 10*) to the granodiorite 
(Field 4) and quartz monzodiorite (Field 9*).

4. Discussion

The two thirds replication rate of 955 modal–chemical 
pairs of granitoids implies that the recently proposed 
QUORAA scheme does not work satisfactorily to clas-
sify granitoids. Especially, the QUORAA diagram per-
forms poorly for discrimination of tonalite, quartz dio-
rite, quartz monzonite, and quartz monzodiorite (in the 
sense of modal QAP) (Tab. 3). Many projection points 
within the QUORAA diagram are shifted leftwards or 
left-downwards compared to the original positions within 
the modal QAP diagram (Figs 3–6), while the those plot-

ting near the left edge of the 
modal QAP triangle move up-
wards in the QUORAA diagram 
(Figs 3 and 5). Accordingly, 
the QUORAA diagram should 
not be used as a proxy of the 
modal QAP scheme for the 
classification and nomenclature 
of the granitoid rocks (s. l.). It 
is also suspected whether the 
QUORAA scheme could be 
applied successfully to the hyp-
abyssal and eruptive rocks as 
the original article of Enrique 
(2018) suggested.

Tab. 3 Replication rates of the QUORAA discrimination (correspondence to the QAP fields) (sample 
size ≥ 10)

QAP fields QUORAA categories Sample size Replication rate (%)
 2 Alkali-feldspar granite 3  12 50.00
 3 Granite 4, 5 322 82.92
 4 Granodiorite 6 291 60.14
 5 Tonalite 7, 8, 9 121 47.11
 8* Quartz monzonite 12  26 30.77
 9* Quartz monzodiorite 13  59 42.37
10* Quartz diorite/Quartz gabbro 14, 15, 16  67 55.32
 8 Monzonite 19  11 63.64
 9 Monzodiorite 20  10 60.00
10 Diorite/Gabbro/Anorthosite 21, 22, 23  32 84.38

Tab. 4 Replication rates of the QUORAA discrimination (correspondence to the QAP fields) with variable 
modal contents of mafic minerals (M)

QAP categories M > 25 vol. % Replication rate (%) M < 25 vol. % Replication rate (%)
 2 Alkali-Fsp granite – –  12 50.00
 3 Granite  3 33.33 303 83.50
 4 Granodiorite 11 54.55 279 60.57
 5 Tonalite 31 35.48  90 52.22
 8* Qtz monzonite  2  0.00  24 33.33
 9* Qtz monzodiorite 14 28.57  43 46.51
10* Quartz diorite 28 71.43  19 31.58
 8 Monzonite  1  0.00  10 70.00
 9 Monzodiorite  5 60.00   5 60.00
10 Diorite/Gabbro 28 85.71   4 75.00
Total 123 55.65 789 64.66
M – volume percentage of the mafic and related minerals in the rock (see Le Maitre 2002, p. 4 for definition).
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Although chemical classifications of igneous rocks 
can generally match the results of the modal QAP 
scheme, their reliability is still debated (Vilinovič and 
Petrík 1982; Stanley 2017; Bonin et al. 2020). Bonin et 
al (2020) pointed out that the presence of biotite causes 
an increase in CIPW-normative orthoclase (Or) and a 
decrease in CIPW-normative quartz (Q) compared with 
the modal proportions of the same minerals in the actual 
rocks. Therefore, projection points of biotite-rich rocks 
may be shifted significantly towards the left or left-down 
side of the QUORAA diagram. Biotite may be the domi-
nant mafic mineral in many igneous rocks, e.g., tonalites, 
granodiorites, quartz diorites as well as diorites. This fact 
explains why the QUORAA diagram performs poorly 
for tonalites and quartz diorites. This problem could be 
overcome by using the Mesonorm instead of the CIPW 
norm for the projection (Vilinovič and Petrík 1982). 

The weight of quartz in the 2Q apex of the QUORAA 
triangle is two times that of alkali-feldspars, thus the pro-

jection points of the alkali feldspar syenite and the quartz 
alkali feldspar syenite (i.e., of sodic plagioclase- and  
K-feldspar-rich rocks) may move towards the 2Q apex. In 
these cases, the weight of CIPW-normative quartz vertex 
overcomes the CIPW-normative Q decrease induced by 
biotite as mentioned above.

It is attractive that most points within the QUORAA 
diagram project along a negative trend from the 4An 
vertex towards the middle of the 2Q–(Or + Ab) edge (e.g., 
Fig. 3b). This trend is also explicitly exhibited on the 
batholith scale. The typical examples include the South 
California, Tuolumne, Ballachulish, and Lofoten–Ves-
teralen batholiths (Fig. 7). Another two examples are 
shown in Fig. 4 (S-type granitoids of Kosciusko Batho-
lith, Australia) and Fig. 5 (Early Yanshanian intrusive 
rock samples of Hebei Province, China). 

This negative trend ends roughly in the middle of the 
2Q–(Or + Ab) side, which corresponds to the normative 
proportion of Q to (Or + Ab) ≈ 1 : 2. Assuming a ratio of 
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Fig. 4 The modal QAP (a) and CIPW-normative QUORAA (b) ternary diagrams for the S-type granitoids, Kosciusko Batholith, Australia (data 
from Hine et al. 1978).
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Fig. 5 The modal QAP (a) and CIPW-normative QUORAA (b) ternary diagrams for the Early Yanshanian intrusive rocks in Hebei Province, China 
(data from Wang et al. 1994).
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Or : Ab ≈ 1 : 1, the middle of the 2Q–(Or + Ab) side is close 
to the thermal minimum of the haplogranite–H2O sys-
tem under low-pressure conditions (Q : Or : Ab ≈ 1 : 1 : 1) 
(Tuttle and Bowen 1958). Accordingly, this negative 
trend end in the QUORAA diagram demonstrates the 
successive evolution of granitoid associations from the 
dioritic end-member to the eutectic or thermal minimum 
point of granite (s.s.). 

In fact, the QUORAA triangular diagram may be 
considered as a sectional drawing of the An–Ab–Or–Q 
tetrahedron (a.k.a. haplogranodiorite system) (Fig. 8, 
Luth 1976). Two distinct evolutionary paths can be dis-
tinguished for different primitive melts. 

The Si-poor and Ca-rich primitive melt (projection 
close to the An vertex of haplogranodiorite tetrahedron) 
evolves towards the Q–An–Ab–Or (quartz–feldspars) 
cotectic surface (e1–e2–e3 surface in Fig. 8). After 
reaching it, the residual melt follows the cotectic plane 
towards the eutectic (higher pressure) or thermal mini-

mum (lower pressure) point of the Ab–Or–Q section (i.e., 
the haplogranite system). Along this evolutionary path, 
the compositions of evolved melts are constrained by the 
coeval crystallization of quartz and feldspars, forming a 
left-upwards trend in the QUORAA diagram.

On the contrary, the Si- and Ca-poor primitive melt 
(projection near the Or–Ab side) may firstly evolve to-
wards the cotectic surface e4–E2–E1–e5 by fractionation 
of Or (when Or content exceeds that of Ab). After then, 
the residual melt composition follows the plane towards 
the quartz–feldspars cotectic surface. Finally, the melts dif-
ferentiate towards the eutectic or thermal minimum point 
of the Ab–Or–Q section along the cotectic line E2–E1. 

Actually, these two different paths result from frac-
tionation dominated, respectively, by calcic plagioclase 
(projecting as 4An), or by alkali feldspars (projecting as 
Or + Ab) in the QUORAA ternary.

Four characteristic plutonic rock types are identified 
in the QAP diagram, i.e. (1) the tholeiitic series, deprived 
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Fig. 6 The modal QAP (a) and CIPW-normative QUORAA (b) ternary diagrams for the mafic enclaves (MMEs) and the host granite of Małopolska 
Batholith, Poland (data from Wolska 2012).
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Fig. 7 The QAP (a) and QUORAA (b) ternary diagrams of the typical alkaline, alkali-calcic, calc-alkaline, and calcic series (the data sources are 
shown in Tab. 1).
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of K feldspars, (2) the calc-alkaline series, (3) the alka-
line series with its characteristic syenitic members, and 

(4) quartz-rich granitoids (Lameyre and Bowden 1982; 
Lameyre and Bonin 1991). Enlighted by the insight of 
Lameyre and co-workers, we projected the composi-
tions of calcic (South California, Larson 1948), calc-
alkalic (Tuolumne, Bateman et al. 1988), alkali-calcic 
(Ballachulish, Weiss and Troll 1989), and alkalic (Lo-
foten–Vesteralen, Malm and Ormaasen 1978) granitoid 
series (Frost et al. 2001; Frost and Frost 2008) within 
the modal QAP and the QUORAA diagrams (Fig. 7a–b). 
In the QUORAA diagram, the calcic South California 
and the calc-alkalic Tuolumne Batholith display linear 
evolutionary trends from diorite/gabbro end-member to 
granodiorite and monzogranite fields, and terminate in the 
syenogranite field. The alkali-calcic Ballachulish rocks 
evolve from monzodiorite to granite (s.s.). The plots of 
the alkalic Lofoten–Vesteralen Batholith spread from the 
monzonite/syenite to the quartz monzonite/quartz syenite 
fields, and end in the syenogranite and the alkali-feldspar 
granite fields. It is obvious that the calcic and the calc-
alkalic granitoids evolve along the first path within the 
haplogranodiorite tetrahedron; however, alkali-calcic 
and alkalic granitoids evolve along the second path dis-
tinguished above.
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Fig. 8 Schematic phase diagram of the haplogranodiorite–H2O system 
(modified from Luth 1976, fig. 20).
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Fig. 9 The QUORAA ternary diagram of (a) ACG + ATG; (b) CPG and MPG; (c) KCG; (d) PAG (data from Bonin et al. 2020).
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Barbarin (1999) defined granitoid groups based on 
characteristic minerals and major-element chemistries 
as: ACG – amphibole-rich calc-alkaline granitoids, ATG 
– arc “tholeiitic” granitoids, CPG – cordierite-bearing, 
biotite-rich peraluminous granitoids, MPG – muscovite-
bearing peraluminous granitoids, KCG – K-rich and Kfs-
phyric calc-alkaline granitoids, PAG – peralkaline and 
alkaline granitoids, RTG – ridge “tholeiitic” granitoids 
(plagiogranites). 

The ACG and ATG group corresponds to the primary 
I-type granites as defined by Castro (2020), whereas 
PAGs are peralkaline, rift-related granitoids. In general, 
ACG + ATG and PAG rocks are dominantly generated 
through the crystallization of a more primitive melt (Bo-
nin 2007; Castro 2020; Moyen et al. 2021). However, the 
CPG + MPG group corresponds to S-type granites in a 
broad sense, and as such are the product of crustal melt-
ing (Nabelek 2020; Moyen et al. 2021). The KCG group 
(Bonin et al. 2020) may be assigned to the secondary I-
type granites of Castro (2020) due to their hybrid genesis.

We applied the QUORAA diagram to the typical ACG 
+ ATG, CPG + MPG, KCG, and PAG datasets from Bonin 
et al (2020) (Fig. 9). The arc granitoids (ACG + ATG) 
display a “perfect” linear trend from the diorite corner to 
the middle of the 2Q–(Or + Ab) edge (eutectic composi-

tion of haplogranite) (Fig. 9a). The peralkaline granites 
(PAG) spread over the fields in the left half, close to the 
(Or + Ab) apex (Fig. 9d). Data points along the bottom 
side indicate that some PAG magmas evolve along the 
second path within the haplogranodiorite tetrahedron. 
The ATG + ACG and the PAG assemblages represent two 
end-member differentiation trends of granitoids (see also 
Whalen and Frost 2013). 

The peraluminous CPG + MPG group also evolves 
to the upper left, but lacks the mafic members such as 
diorite/quartz diorite, being mainly distributed within the 
syenogranite and monzogranite fields (Fig. 9b). 

The KCGs are described as “worst-defined group” by 
Bonin et al. (2020), and this is obviously reflected also 
by the QUORAA diagram (Fig, 9c). For getting more 
consistent trends, the KCGs are sub-grouped according to 
their peraluminosity (ACNK ratio) and K2O content (Figs 
10, 11). The majority of KCGs belong to metaluminous 
(ACNK < 1) sub-group (Fig. 10a), and the weakly peralu-
minous (1 < ACNK < 1.1) samples are subordinate (Fig. 
10b), meanwhile the strongly peraluminous ones (ACNK 
> 1.1) are rare (Fig. 10c). The metaluminous KCGs fo-
cus around the monzogranite field, and some are rooted 
within quartz-poor fields such as diorite, monzodiorite, 
and monzonite (Fig. 11a). Meanwhile many “ultra-high 
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K” as well as some “high-K” metaluminous KCGs spread 
along the bottom of QUORAA ternary, corresponding to 
the differentiation path of basic PAGs. Most of the per-
aluminous KCGs fall in the syenogranite/alkali-feldspar 
granite categories of QUORAA diagram (Fig. 11b–c), and 
resemble the pattern of the CPG + MPG group.

In the SiO2 vs. K2O diagram, a significant portion of 
basic metaluminous KCGs falls in “ultra-high K” do-
main (Fig. 10a). In contrary, almost all “ultra-high K” 
peraluminous samples are acid with SiO2 content more 
than 63 % (Fig. 10b, c). The distinct patterns of the KCG 
sub-groups in QUORAA diagram imply the different 
petrogenesis of these rocks. The peraluminous KCGs 
can be regarded as the “hybrids” of the evolved mafic 
magma and the crust-derived K-rich sources as suggested 
by Castro (2020). However, the low-silica “ultra-high K” 
metaluminous KCGs crystallized from the K-rich pa-
rental magmas generated by the melting of metasomatic 
mantle (Förster et al. 2020). Accordingly, these low-silica 
“ultra-high K” rocks should be separated from the KCG 

as a distinct group (shoshonite association) following the 
suggestions of Joplin (1965, 1968, 1971).
In summary, plotting of the compositions of plutonic 
rocks in the QUORAA diagram underlines variations 
among different magma series/associations/groups. The 
evolution of a specific suite may be deduced by the com-
parison of its projection with those of typical granitoid 
series. At the same time, the likely source composition 
(rich in calcic plagioclase or alkali feldspar) might be 
inferred from the compositional evolution path in the 
QUORAA diagram. Therefore, the QUORAA plot seems 
helpful to better understanding the genesis of granitoid 
rocks.

5. Conclusions

By a compilation of 955 pairs of measured mineral modes 
and major-element compositions, we checked the reli-
ability of the QUORAA diagram as an approximation of 

2Q

or+ab 4an

(a)

1a

2

1b

3a 3b 4 5

109876

10*9*8*7*6*

2Q

or+ab 4an

(b)

2Q

or+ab

(c)

4an

1a

2

1b

3a 3b 4 5

109876

10*9*8*7*6*

1a

2

1b

3a 3b 4 5

109876

10*9*8*7*6*

Fig. 11 The QUORAA ternary diagram of (a) metaluminous (ACNK < 1) KCG; (b) weakly peraluminous (1 < ACNK < 1.1) KCG and (c) strongly 
peraluminous (ACNK > 1.1) KCG (data from Bonin et al. 2020). The samples in red are “ultra-high K”, the blue ones are “high-K”, the green ones 
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molar ratio.
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the modal QAP scheme for naming the common plutonic 
rocks, and the results show that:
1) The QUORAA diagram assigns c. 64 % of samp-

les into the “correct” categories of the modal QAP 
scheme. With a replication rate of over 80 %, the 
discrimination of granite (s.s.) by QUORAA diagram 
is acceptable in practice. But this diagram performs 
poorly in distinguishing the tonalite and quartz diorite 
with a replication rate of less than 60 %. Therefore, the 
QUORAA scheme might not be a good approximation 
of the modal QAP scheme for granitoid classification 
and nomenclature, and is probably not suitable for the 
hypabyssal or volcanic rocks, either.

2) As a section of the An–Ab–Or–Q tetrahedron (haplo-
granodiorite system), the QUORAA diagram is very 
helpful to illustrate differentiation of granitoid melts. 
The typical calc, calc-alkalic, alkalic-calc, and alkalic 
granitoid series display contrasting paths/fall into dis-
tinct fields within the QUORAA diagram.

3) The arc (ACG + ATG) and the peralkaline (PAG) 
granitoids evolve along two different crystallization 
paths, which are easily distinguished in the QUORAA 
diagram. The potassic granitoids (KCG) are derived 
from hybrid processes as suggested by their “transi-
tional” position within the QUORAA diagram. Taken 
together, the QUORAA diagram seems applicable as 
a petrogenetic tool rather than a classification scheme.
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