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ABSTRACT

The International Union of Geological
Sciences (IUGS) system for rock classifi-
cation, introduced more than 40 years
ago, has served geologists well but suffers
from the problem of dividing a continuum
of rock compositions into arbitrary bins.
As aresult, closely related rocks can be
given unrelated names (e.g., granodiorite
and tonalite), and the names themselves,
which were generally derived from the
names of places or people, rarely contrib-
ute to understanding the processes that
generate the diversity of igneous rocks.
Here we propose a quantitative modifica-
tion to the IUGS system that reduces the
number of distinct names but more effec-
tively communicates the inherent vari-
ability of plutonic rocks. The system rec-
ognizes that mapped plutonic rock units
are characterized by recognizable tex-
tures and mineral assemblages, but that
mineral proportions within those units
can be highly variable. Adding quantita-
tive data to rock names is an important
step toward moving geologic field obser-
vations into quantitative digital form and
preparing them for advanced data mining
and analysis.
One thing quarks do have going for them: all
their names are simple—something chemists,
biologists, and especially geologists seem
incapable of achieving when naming their own

stuff. —Neil deGrasse Tyson, Astrophysics for
People in a Hurry

INTRODUCTION

Why do we bother to name rocks? One
answer among many is that rock catego-
ries can efficiently convey important
information about a geologic setting just
as biological categories can convey the
same for ecosystems. Say “zebra” to a
biologist and they will likely think
“African savanna”; say “granodiorite”
to a geologist and they will likely think
“subduction zone.” However, the sheer
number of igneous rock names presents

GSA Today, https://doi.org/10.1130/GSATG384A.1.

a formidable entry barrier to students of
the field. In a recent undergraduate text-
book, Winter (2010, p. 32) lists 157 com-
mon igneous rock names, many of them
unknown to practicing petrologists. Say
“kugdite” to a geologist and you will
likely get a puzzled stare.

Classification of igneous rocks has
occupied and irritated petrologists for
centuries. Unlike biological classifica-
tions, which can place organisms into
discrete categories, rock classifications
place sharp boundaries between objects
that are completely gradational. A biolo-
gist can classify something definitively
as a dog or cat, knowing that there are no
doggish cats or cattish dogs, but a petrolo-
gist cannot do so—there are plenty of
granodioritic granites and granitic

granodiorites (Fig. 1). Thus, any classifi-
cation based on discrete categories will
split continuously variable rock composi-
tions at arbitrary boundaries.

An international effort to systematize
the nomenclature of plutonic igneous
rocks was started in the 1960s under the
leadership of Swiss petrologist Albert
Streckeisen, and summaries of this work
(e.g., Streckeisen, 1974, 1976; LeBas and
Streckeisen, 1991) are the standard refer-
ences for current nomenclature. The prin-
cipal classification is based on a double
triangle (Fig. 2); this diagram, appropriate
for rocks with 10% or more quartz or
feldspathoid minerals plus feldspars, uses
the modal (volume) proportions of quartz
(Q), alkali feldspar (A), plagioclase (P),
and feldspathoids (F) to name rocks.

Figure 1. Outcrop photo-
graphs of the Cathedral
Peak Granodiorite and EIl
Capitan Granite, Yosemite
National Park, California,
USA. In spite of largely
equivalent mineral propor-
tions, one is termed a gran-
ite and the other a granodi-
orite. This confusion is
lessened if name boundar-
ies are considered fuzzy
rather than sharp. Pennies
are 2 cm in diameter.

Copyright 2019, The Geological Society of America. CC-BY-NC.
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Figure 2. The International Union of Geological Sciences classification double triangle. Field
boundaries are arbitrary and not designed to follow petrologic processes, so closely related rocks
can scatter across several fields. The plethora of names and positions of boundary lines are diffi-
cult to remember, particularly because they mean little in terms of process. They also serve to
carve up related rocks (e.g., one map unit) into several different rock types.
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The International Union of Geological
Sciences (IUGS) commission aimed to
simplify the nomenclature, eliminate
synonymic terms (e.g., adamellite =
quartz monzonite), and come up with
fields and corresponding names that are
consistent with general usage. The [UGS
method relies on two parameters, the
modal percentage of quartz or feld-
spathoid minerals (horizontal lines), and
the ratio of alkali feldspar to plagioclase
(lines radiating from the quartz and feld-
spathoid apices). These values are easy to
estimate in thin section, although less so
in the field, where the plagioclase/alkali
feldspar distinction can be subtle. In con-
trast, the modal proportions of mafic min-
erals and their sum (color index) are gen-
erally easy to estimate in the field and
diagnostic of a given rock unit, although
these are not used in the TUGS system.
The IUGS diagram provides a convenient
way to assign a standardized name once
the mode has been estimated, and this is
both a strength and a significant problem.

As an example of the problems that this
kind of classification can cause, consider
the data in Figure 3, taken from Bateman
(1992). Modal data from the well-known
Cathedral Peak Granodiorite of Yosemite
National Park in California, USA (Fig. 1),
are split rather evenly between the granite
and granodiorite fields. Thus, any random
hand sample or outcrop of the Cathedral
Peak pluton might be a granite or a grano-

diorite or straddle the arbitrary boundary
between them. This unit was designated
a granodiorite because one or the other
name had to be chosen, even though the
pluton includes both. The nearby El
Capitan Granite (Fig. 1) is also more-or-
less evenly divided between the granite
and granodiorite fields (with several
points in the tonalite field), but it is offi-
cially a granite. Rocks of the Kuna Crest
suite, a set of medium-grained rocks with
high color index, scatter over the grano-
diorite, tonalite, quartz monzodiorite/
quartz monzogabbro, and quartz diorite/
quartz gabbro fields. This sort of artificial

Figure 3. Modal data for plutonic units from
Yosemite National Park, California, USA, from
Bateman (1992). Many of the main units scat-
ter evenly across the granite (monzogranite)
and granodiorite fields, and petrologic vari-
ability in the granodiorite of Kuna Crest
crosses the common point of four fields,
meaning that the rock could be called any of
the four (really, six; see text). Q—quartz;
A—alkali feldspar; P—plagioclase.
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Figure 4. Modal data for 403 quartz-bearing plutonic rocks from the Sierra Nevada batholith, plotted on the quartz-alkali feldspar-plagioclase (QAP)
triangle and in a tetrahedron whose base is QAP and whose apex M represents mafic minerals. It is clear that the proportion of mafic minerals (color
index) increases dramatically away from the center of the QAP triangle, toward the QP sideline. This trend is neglected by the International Union of
Geological Sciences classification. Data from Bateman et al. (1984) and Bateman et al. (1988).

separation-by-name of closely related
rocks is an unfortunate consequence of
fitting observations into arbitrarily
defined boxes.

Figure 3 also shows that the color indi-
ces of rocks called El Capitan Granite
range from near zero to more than 20, an
important point to which the name “gran-
ite,” as defined by the IUGS system, gives
no indication. In general, color index
increases moving away from the center of
the quartz-alkali feldspar-plagioclase
(QAP) triangle, toward plagioclase (Fig.
4). The abundances and identities of the
mafic phases (e.g., biotite, hornblende,
titanite) are typically where the geochem-
ical action is, and yet the IUGS classifica-
tion has no provision for this.

Thus, the current system of igneous rock
nomenclature suffers from several short-
comings: (1) it conceals the variability of
igneous rocks at the map unit scale with
restrictive names; (2) it lacks important
information about the mineralogy of the
rocks at scales ranging from pluton to hand
sample; (3) it is burdened by unnecessary
names that, by themselves, tell nothing;
and (4) the quantitative data used to derive
a name are largely discarded once the
name is applied. This last point must be
addressed if we are to move field observa-
tions from “dark data” (Heidorn, 2008),
buried in field notebooks, into sharable
digital form (Walker et al., in press).

Bowen (1928) foresaw the problems
with using mineral abundances as a basis

of classification. Noting an analogy
between mineral assemblages and life
assemblages, he said:

How artificial a classification of faunas
would be which was based on the ratio of
foxes to hares, of hares to moles and so on!
To be sure it is by no means accidental that
the ratio of hares to foxes is 10 in a certain
area and only 2 in another, but as compared
with the broad factors controlling life in the
two areas it is relatively accidental... So it is
not accidental that a rock is nearly pure oliv-
ine here and only 75 per cent olivine a few
feet distant, but it is relatively accidental and
should not be made a fundamental factor

in classification.

Bowen clearly recognized the problems
inherent in classifications based on min-
eral proportions, and yet that is the sys-
tem with which we live. We contend that
an improved system could address the
shortcomings of the ITUGS system by:

* using a more restricted set of names,
because restricting the subdivision of
names allows each name to encompass
greater modal variation;

« allowing for overlap between rock
categories; and

* including quantitative information about

modal mineralogy at scales for which
quantification is appropriate.

ROCK NAMES, NECESSARY
AND SUPERFLUOUS

There are thousands of igneous rock
names (e.g., Johannsen, 1932, and accom-
panying volumes), but most samples

tonalite\l\
granodiorite»

described in the literature are covered by
just one or two dozen. We compiled the
number of citations in GeoRef mentioning
19 of the most common IUGS names over
the period 1970-2018. “Granite” made up
just under half of the total number of cita-
tions (~223,000) in this list, and the names
were distributed as in Figure 5. The first
nine names account for 90% of the cita-
tions (allowing for multiple counting of
citations listing more than one name).

As is common with textual data,
rock names roughly obey Zipf’s Law
(Aitchison et al., 2016), which states that
the frequency of a given word is inversely
proportional to its frequency rank. There
are ~50,000 rock names in the North
American Volcanic and Intrusive Rock

trvf')ctolite
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Figure 5. Frequency distribution of documents
using the given rock names in the GeoRef data-
base, 1970-2018. The ten most common names
account for more than 90% of the citations.



database (NAVDAT) of western North
American igneous rocks (Walker et al.,
2006), 105 of them unique. The first 18
names make up 90% of the samples; the
remaining 87 names are rarely applied.
We contend that these surplus names

(e.g., sannaite, malignite), although locally
useful, are largely noise that obscures the
signals of petrologic processes.

It is somewhat bewildering that petrolo-
gists have used modal mineralogy to clas-
sify plutonic rocks for a century, and yet
these data are rarely recorded in digital
databases. In NAVDAT, only ~5% of the
analyses have associated modal data, and
one-third of those are from just two sources.

A SIMPLER, QUANTITATIVE
APPROACH

We propose the following classification
methods for three major groups of rocks:
quartz/feldspathoid- + feldspar-bearing,
ultramafic, and gabbroic. We do not pro-
pose equivalent schemes for other igneous
rock groups (e.g., lamprophyres, carbon-
atites, agpaites), but a similar approach
could be applied to all plutonic rocks, and
the same reasoning could be applied to
chemical classifications (e.g., total alkalis-
silica) for volcanic rocks.

Our approach borrows conceptually
from the International Union for Pure and
Applied Chemistry (IUPAC) system for
naming organic compounds. In the 1950s,
nomenclature for organic compounds was
bloated and tangled. Names and properties
of thousands of known organic compounds
were compiled originally by Beilstein
(1881), much as names and properties of
igneous rocks were compiled by Johannsen
(1938, and accompanying volumes). The
Beilstein compilation includes the name of
the compound and assigns it a unique
number. However, the common name and
Beilstein number provide limited informa-
tion about the nature of a compound.

IUPAC therefore set out to create a
nomenclatural scheme that would be more
systematic and informative. The [IUPAC
system consists of a set of root names that
correspond to chemically and structurally
simple organic molecules (e.g., the
alkanes methane, ethane, propane, etc.),
preceded by modifiers that identify and
describe the spatial arrangement of atoms
added to the root molecule to form a par-
ticular compound. For example, the com-
pound on which the octane rating system
of gasoline is based, isooctane, is 2,2,4

trimethylpentane in the [TUPAC system.
When decoded, this provides a complete
description of the molecule.

Plutonic rocks are a chemical contin-
uum rather than a collection of discrete
compounds; therefore, a system that is
analogous to [UPAC organic nomencla-
ture cannot be constructed. However,

a broadly similar approach can achieve
much the same goals.

We suggest that an optimal system of
plutonic rock names will use a small
number of root names along with the
modal proportions of the minerals used in
the classification. Each root name corre-
sponds to a particular combination of
major minerals and thus indicates the
relevant classification triangle or tetra-
hedron. The absolute minimum number
of root names is four: “granite” for rocks
classified on the basis of quartz, alkali
feldspar, and plagioclase; “foid syenite”
or some other moniker for those domi-
nated by feldspathoids, alkali feldspar,
and plagioclase; “peridotite” for olivine,
orthopyroxene, and clinopyroxene; and
“gabbro” for plagioclase, olivine,
orthopyroxene, and clinopyroxene. In this
extreme rendering of our approach, the 27
fields in the Streckeisen double triangle
are replaced by two root names, granite
for the upper triangle and foid syenite for
the lower triangle.

The simplicity of the extreme approach
is appealing, but we see reasons for a less
radical trimming of the list of recognized
rock names. First, some combinations of
names trace a process; e.g., lherzolite,
harzburgite, and dunite trace the composi-
tion of the mantle residue of basalt extrac-
tion. Second, a small number of root
names can provide a convenient shorthand
for differences between related rocks that
are awkward to express by differences in
the mineral proportions. Finally, allowing
a given set of mineral components to map
into more than one rock name permits the
boundaries between the rock names to be
fuzzy, reflecting the real variability of the
rocks noted by Bowen (1928). This inher-
ent flexibility can allow the rock names
that are retained to emerge from their
actual usage rather than being imposed
by a committee.

We therefore propose an approach to
naming rocks that consists of a root name
preceded by a vector of mineral abun-
dances. As this is a new system, we do
not claim to know the optimal balance

between reducing the number of root
names for simplicity and retaining root
names because they are sufficiently use-
ful to warrant it. The following examples
of our approach therefore are meant to be
illustrative rather than definitive; if the
system is adopted, optimal names will
arise organically rather than by fiat.

Finally, there are many reasons that
root names alone should continue to be
used to name map-scale bodies of plu-
tonic rock. Addition of a numerical vector
to a root name is intended only to be used
at the scale of individual samples from a
map-scale body. Indeed, by making the
boundaries around rock names fuzzy,
usage in pluton names and rock names
becomes more consistent.

Modified IUGS Method for
Classification of Plutonic Rocks

The following procedure involves the
same observations needed to classify a
rock with the IUGS method, and thus the
full TUGS name can always be applied.
All percentages are modal (volume %).

Rocks with Quartz + Feldspars >10%

( Upper Half of IUGS Diamond)

1. Estimate the proportions of quartz (Q),
alkali feldspar (A), plagioclase (P), and
mafic minerals (M), and the identities
of mafic minerals and accessories
(example: 20,20,50,10; biotite, horn-
blende, titanite).

2. Assign a root name based on where the
QAP estimate, normalized to 100, falls
on the upper triangle in Figure 6
(example: granodiorite).

3. Prefix the rock name with unnormal-
ized QAP; e.g., 20,20,50. The propor-
tion of mafic minerals (color index)
is implicit in these numbers as 100
minus their sum (example: 20,20,50
granodiorite; color index is 10).

4. Prefix the resulting name with relevant
mafic minerals, using defined abbrevia-
tions if desired. The prefix should list
these in increasing abundance so that
the most abundant is closest to the root
name (Shelley, 1993, p. 7) (example:
hbl-bio 20,20,50 granodiorite).

5. Important accessory minerals can be
denoted by, for example, titanite-
bearing or ttn-bearing (example:
ttn-bearing hbl-bio 20,20,50
granodiorite).

Note that these steps are identical to
the IUGS method except that there are
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Figure 6. Proposed simplified names for rocks
in the International Union of Geological Sci-
ences (IUGS) diamond. Boundaries are fuzzy,
fields overlap, and names are redundant of the
numeric values, which can be converted into
formal IUGS names if desired.

far fewer bins in which to put the rocks
(six versus sixteen). The bins simply indi-
cate broad QAP proportions. For example,
granites and granodiorites are quartz-rich
and distinguished broadly by alkali feld-
spar > plagioclase or plagioclase > alkali
feldspar, respectively. Syenites are rich in
alkali feldspar and poor in plagioclase +
quartz. Diorites are rich in plagioclase and
poor in alkali feldspar + quartz, and so on.

For map scale, nomenclature likely skips
Step 3 because the modal variation at that
scale is too variable for quantification.
Accordingly, the Cathedral Peak
Granodiorite mentioned earlier would be
just that, or the Cathedral Peak Biotite
Granodiorite to reflect the dominant mafic
mineral. This does not directly address the
fact that the Cathedral Peak body includes
both granodiorites and granites as defined
by IUGS boundaries. However, the recog-
nition that a granodiorite is defined as a
quartz-rich rock, with generally (but not
necessarily exclusively) plagioclase >
alkali feldspar, is an improvement in repre-
senting the nature of the pluton. Addition
of the mafic mineralogy to the name sig-
nificantly advances one’s knowledge of
what to expect in the field.

A particular hand sample of the
Cathedral Peak pluton might be called a
hornblende-biotite 30,20,45 granodiorite,
indicating a color index of 5 with biotite
> hornblende. The variation in mineral-
ogy in the El Capitan pluton could be
described as a range from biotite
30,50,20 granite to hornblende-biotite
25,10,55 granodiorite. This expresses
the variations observed in the felsic and
mafic mineralogy and color index far
better than the unqualified names.

Rocks with Feldspathoid(s) + Feldspars
>10% (Lower Half of IUGS Diamond)
Classification of feldspathoid-bearing
rocks is the same as with quartz-bearing
rocks except that the identity of the
feldspathoid(s) replaces “foid” (e.g., neph-
eline syenite rather than foid syenite).

Ultramafic Rocks

Olivine-pyroxene rocks with <10%
felsic minerals are named via the olivine-
orthopyroxene-clinopyroxene (OOC)
triangle (Fig. 7). The same simplification
principles apply to these rocks: estimate
mineral proportions and then name the
rock with these numbers and the simpli-
fied, blurred boundary classification in
Figure 7. Preface the name with other
important minerals such as garnet or
spinel; their proportion is 100 minus
the sum of OOC.

Gabbroic Rocks

Gabbroic rocks can be classified using
a tetrahedron with apices of plagioclase,
olivine, orthopyroxene, and clinopyrox-
ene (POOC; Fig. 8). The base of the
tetrahedron is the OOC triangle of
Figure 7; the apices are anorthosite,
dunite, orthopyroxenite, and clinopyrox-
enite; troctolite lies along the plagioclase-
olivine edge, and the interior is gabbro
or norite depending on whether the
dominant pyroxene is clinopyroxene or
orthopyroxene. Hybrid names, such as
gabbronorite, and qualified names, such
as olivine gabbro, are unnecessary (but
can be used if desired) when the defining
mineralogy is given in the name (e.g.,
50,10,20,20 gabbro).

Examples

1. A rock has 20% quartz, 20% K-feldspar,
50% plagioclase, with the remainder
(10%) mafic minerals consisting of biotite
> hornblende. The root name would be

granodiorite, and the rock would be a
hbl-bio 20,20,50 granodiorite.

2. A shonkinite (Johannsen, 1932, p. 355)
contains 3% quartz, 8% orthoclase,
22% plagioclase, 65% hornblende, and
2% accessories. This would be a hb/
3,8,22 monzonite. The sum of Q, A, and
P is only 33, implying a large amount of
hornblende + other phases.

3. A “leucolitchfieldite” from Johannsen
(1938, p. 181) contains 16% micro-
cline, 55% plagioclase, 18% nepheline,
8% muscovite, and 1% each magnetite
and biotite. This would be an 18,16,55
nepheline syenite or a musc 18,16,55
nepheline syenite.

4. Boyd and McCallister (1976) gave a
peridotite mode as 59% olivine, 11%
orthopyroxene, 20% clinopyroxene,
and 10% garnet. This rock would be a
garnet 59,11,20 lherzolite.

5. Boudreau (1988) listed modal mineral-
ogy of rocks from the Stillwater
Complex as Table 1.

Complications

There are many details. For example,
it is common in granitoids that the feld-
spars are difficult to distinguish in the
field; in such cases they can be lumped,
with only two numbers reported, as bio-
tite 35,60 granite. Modal data can be
determined with varying levels of preci-
sion. Field estimates might be good to
only the nearest 10%, whereas micro-
scopic estimates can be good to a per-
cent; the approximate precision should
always be stated. A feldspathoidal rock
might contain two or more important
feldspathoids, as in 30,20,40 sodalite-
nepheline syenite, indicating sodalite +
nepheline = 30 and sodalite < nepheline.

SUMMARY
There are several advantages to this
method of naming plutonic rocks.

« It allows for overlap of names such as
“granite” and “granodiorite.” These names
are redundant of the quantitative informa-
tion and merely serve as a guide to the
appropriate classification triangle or
tetrahedron and to the overall rock type.

* The abundances of the determinative
minerals are given directly in the name,
and the QAP/FAP/OOC/POOC param-
eters can be calculated from the name.

* Thus, everything needed to derive
the standard IUGS classification is in
the name.
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TABLE 1. MODAL MINERALOGY OF ROCKS FROM THE STILLWATER COMPLEX

Sample  Plagioclase  Olivine  Orthopyroxene  Clinopyroxene Other Name

MA203 90.7 0 2.0 7.0 91,0,2,7 anorthosite
MA208 82.8 14.4 24 0.4 83,14,2,0 norite

MA161 68.6 0 247 6.6 69,0,25,7 norite
MA190 64.9 1.5 9.7 23.9 65,2,10,24 gabbro
5104EX 24 66.5 20.0 0.6 phlogopite plag-phlog 66,20,1 harzburgite

10.1 or phlog 2,66,20,1 harzburgite

* For quartz/feldspathoid rocks, the color
index is implicit in the name; for gabbros,
this gives the proportion of minerals
other than plagioclase, pyroxenes, and
olivine; for ultramafic rocks, this exercise
gives the proportion of minerals other
than olivine and pyroxene, such as garnet
or spinel. Such information is neglected
by the IUGS naming scheme.

There are many fewer rock names and
field boundaries to commit to memory,
freeing the mind to think about pro-
cesses rather than classification.

Freight trains of syllables in hybrid
names such as quartz monzodiorite are
avoided. We contend that /0,20,60 dio-
rite is both less cumbersome and more
informative than quartz monzodiorite.
Quantitative modal and mineralogical
data become part of the rock name,
allowing for more complete and easily
accessible information in databases,
which in turn allows for new scientific
opportunities in data mining (e.g.,
Hazen et al., 2011).

We hope that this modification of the
venerable IUGS scheme will be adopted
in order to simplify and take the stress out
of naming plutonic rocks, with the added
benefit of adding significant quantitative
information that can be easily assimilated
in digital form.
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