
A systematic nomenclature for metamorphic rocks: 
 

8. AMPHIBOLITE AND GRANULITE 
 
Recommendations by the IUGS Subcommission on the Systematics of Metamorphic Rocks. 
Web version of 1/1/2004 
 
José Coutinho1, Hans Kräutner2, Mercedes Peinado3, Francesco Sassi4, Rolf Schmid5 and Sisir 
Sen6. 
 
1PT-SA, DIGEO, ATR. PO Box 7141 CEP 01064-970 Sao Paulo, Brazil 
2Isarstrasse 2e, D-83026 Rosenheim, Germany  
3Departamento de geologia, Universidad de Salamanca, 37008 Salamanca, Spain. 
4Dipartimento  di Mineralogia  e Petrologia,  Corso Garibaldi 37, 35137 Padova, Italy.   
5Institut  für  Mineralogie  und Petrographie, E.T.H.-Zentrum, CH-8092 Zürich, Switzerland. 
6Department  of  Geological  Sciences,  Jadavpur  University, 700032 Calcutta, India. 

 

 

INTRODUCTION 
The Subcommission for the nomenclature of Metamorphic Rocks (SCMR), aims to publish 
international recommendations on how metamorphic rocks and processes are to be defined 
and named, as was previously done for igneous rocks by the Subcommission on the 
Systematics of Igneous Rocks (Le Maitre et al., 1989, 2002). 
The principles used by the SCMR for defining and classifying metamorphic rocks are outlined 
in Schmid et al. (2004). 
This paper summarizes the provisional results of the discussions by the SCMR, and the 
response to circulars distributed by the SCMR, which demonstrated the highly variable usage 
of the terms granulite and amphibolite. It presents those definitions which currently seem to 
be the most appropriate ones. Some notes are included in order to explain the reasoning 
behind the suggested definitions. In considering the definitions it is important to remember 
that some of them are a compromise of highly different, even conflicting, opinions and 
traditions. 

The  names  amphibolite  and  granulite  have  been  used in geological literature  for nearly 
200  years: amphibolite  since Brongniart (1813), granulite since Weiss (1803). Although 
Brongniart described amphibolite as  a rock composed of amphibole and plagioclase, in those 
early days the meaning of the term was  variable. Only  later (e.g., Rosenbusch  1898) was it 
fixed as metamorphic rocks  consisting of hornblende  and plagioclase, and of medium to high 
metamorphic grade (mesozone and katazone in the sense of Grubenmann  and Niggli, 1924). 
In contrast, the use of the name granulite was  highly variable, a position which was further 
complicated by the introduction of the facies principle (Eskola  1921, 1952) when the  name  
granulite  was proposed  for all rocks of the granulite facies. 

The aim of  the SCMR was to define  amphibolite and granulite in accordance with its general 
principles  (Schmid et  al., 2004),  and  as mentioned  above,  principally according   to   their   
mineral   composition   and  macroscopic characteristics,  without,  as  far  as  possible,  any 
genetic connotation. 

 

 



AMPHIBOLITE 

Evolution of the meaning of the term 

It is  generally accepted that amphibolite  is a metamorphic rock  consisting  mostly  of   
plagioclase  and  hornblende.  However, different opinions  have been presented  concerning 
the modal proportions of hornblende  and plagioclase,  and the  presence or absence  of other  
minerals in  the rock.  Several classifications  have been proposed, commonly based on  
triangular classification diagrams with plagioclase and amphibole (hornblende)  at two apices. 
Quartz was frequently chosen for the third apex. These three components (expressed in  
volume  %)  were  recalculated  to  100%, other minerals were either  not  considered  in  the  
calculation,  or  combined with quartz,  plagioclase  or  hornblende.   When  the  transition  of 
amphibolite to  quartzo-feldspathic rock (para- or ortho-)  was described, the main candidate 
for  the third apex was  quartz, sometimes with biotite and  K-feldspar.  In  the  classification  
of  Matthes and Kramer (1955), quartz  is the critical  mineral: they define amphibolite as 
essentially  composed  of  amphibole  and  plagioclase  with only traces  of  quartz,  rocks  
with  less  than  5%  of  quartz  are called quartz-bearing  amphibolites, rocks  with 5  - 20%  
of quartz are quartz-amphibolites, and  rocks with more then  20% of quartz are hornblende 
gneisses. According to Oen (1962) amphibolite should contain less than 70% of hornblende, 
rocks with more hornblende are classified  as  hornblendic  rocks  and  hornblendites; the 
lower limit of  hornblende content is not  given. According to Cannon (1963)  the  amount of  
hornblende  as  the dominant mafic mineral should normally  exceed 50% of the  total mineral 
content, quartz and  plagioclase  should  be  present  in  equal  proportions  or plagioclase  
should   predominate.  In  the  case   when  quartz  is greater than plagioclase, the rock is 
classified as quartz-amphibolite. 

A  double triangle  was used  by Fritsch  et al.  (1967) for classifying   rocks  of   the  
amphibolite   (metabasite)  group; pyroxene, plagioclase, amphibole and zoisite (epidote 
group) were placed at  the apices. By Fritsch et al.‘s definition amphibolite should  contain 
more than 40% of amphibole; rocks  with less amphibole (40 to  20%) were called leuco-
amphibolites. 

Other varieties of the classification triangle were proposed and used with different groupings  
of the minerals at the apices, for example: 

Fsp - Am - Qz  (Lorenz, 1980);     Pl (Kfs) - Hbl - Qz  (Pešková, 1973);   Pl (Kfs) - Hbl - Gt + 
Cpx (+Ep)  (Tonika 1969);   Pl (Kfs) - Hbl (+Cpx, Gt a.o) - Qz   (Fišera 1968) 

There are  no great differences  in the principles  used by these classifications, and in all of  
them most samples commonly called amphibolite plot in the respective amphibolite fields. 

Wholly different  is the proposal of  Berthelsen (1960), who includes in the classification  the 
transition  of amphibolite to basic  granulite (trappgranulite,  pyriclasite). The  presence of 
orthopyroxene in the rock is  critical, and the classification is based  on   the  relation  of   
hornblende  to  clinopyroxene  +  orthopyroxene  (the  corresponding  triangle  was  
constructed by Lorenz,  1981). 

To determine the range in the modal composition of amphibolites, Fišera (1968)  collected 
about  260 modal  analyses from  the literature (Fig. 1). More than 80% of  them contain less 
than 10% of quartz, and more than 50% have no quartz at all, or contain quartz only as an 
accessory  mineral. It may be concluded  that most of the amphibolites  described  in  the  
literature  correspond to the common  definition of  amphibole  +  plagioclase rocks.  The 
same conclusion  may   be  drawn  from  the   descriptions  and  modal compositions of  about 
130 amphibolites from  the Moldanubicum of the  Bohemian  Massif,  as illustrated  in  
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Figures  1  and  2.  From these collected  data,  which  may  serve  only  as  an  example of the 
extensive literature, it follows that in the triangular plots the amphibolites  cluster mostly  in 
the  field between  50 -  90% of amphibole. The  field between 30% and 50% of amphibole  is 
also densely populated, and contains no more than 10% of quartz. K-feldspar is generally  
absent  or  only present  in  small  quantities,  and  has  no influence on amphibolite 
nomenclature. 
 

The SCMR definition 

The SCMR arrived at a proposed definition of  amphibolite after extensive discussion, and 
consideration of the questionnaire results. The wording is based on the following statements. 

1. Since  the beginning of petrography,  the term amphibolite has been used for a rock  
composed of amphibole  and plagioclase. This name  is therefore recommended  for further 
use,  even if it does  not  fit  the   general  SCMR  rules,  for use of the suffix ‘ite‘ (see Schmid 
et al 2004) 

2.  The modal compositions of  amphibolites show that most of them contain more than 50% 
of amphibole,  but those with 50 to 30% are not unusual. The content of   amphibole and 
plagioclase together is mostly higher than 90%, and may be as low as 75%. The value of 75% 
is therefore taken as the lowest boundary of  Pl+Am. 

3. The  colour   of  amphibole   is green,   brown  or   black in hand specimen and green or 
brown in thin section. The common varieties are tschermakitic and magnesio- and ferro-
hornblende as defined in the IMA classification (Leake 1997). Other types of amphibole, 
although less common, for example, cummingtonite or anthophyllite, may also be a 
constituent of amphibolites. 

4.  Plagioclase  is the prevalent  light-coloured constituent, the quantity  of quartz  or  epidote  
or scapolite  should  be lower than that of plagioclase. 

5.  Clinopyroxene,  when  present,  should  be  less  abundant than amphibole (hornblende).  
When pyroxene prevails,  the rock should be named  hornblende-pyroxene rock  or calc-
silicate rock, depending on its composition and on the composition of clinopyroxene.  The 
name  pyribolite,  proposed for Pl-Hbl-Px (Cpx+Opx) metamorphic rocks (Berthelsen, 1960) 
is not recommended for use by the SCMR (see below). 

6.  The presence  of other  major mineral  constituents (>5%)  is expressed by  the 
corresponding prefix according  to general SCMR rules     (for example, garnet amphibolite,     
pyroxene amphibolite, quartz amphibolite, etc.). 

7. The  amphibolite  is   characterized   by   the   presence  of  hydroxyl-bearing  minerals  
(amphibole,  biotite),  which prevail over the hydroxyl-free ones (garnet, diopside). The 
boundary with the   higher  grade, granulite    facies   metamorphic  rocks, is determined by 
the appearance of orthopyroxene. 

8.    The   names    ortho-amphibolite,   para-amphibolite    and meta-amphibolite may be 
found occasionally in the literature. The prefixes ortho-,  para- and meta- have  been used for 
description of very different  properties of rocks or processes,  and in very different meanings 
(for example, ortho- was used for th following: metamorphic rocks of  igneous  origin,  rocks  
containing  K-feldspar, SiO2-saturated rocks,  sediments with  defined contents  of matrix,  
contents of carbon in coals, type of cumulates, etc.). The application of the prefixes ortho-  
and para- is  accepted by SCMR  in the classical concept of  Rosenbusch for metamorphic 
rocks derived from igneous  and sedimentary parents respectively, but difficulties may exist in 

Kvačková Hana MUDr. Strana 2 25/05/2004    P:\djf\SCMR_AMPH_R2.doc 2



determining the nature of  the protolith by  directly observable features. The prefix  meta- 
must never be  used for repeatedly metamorphosed rocks according to SCMR guide-lines. If 
in amphibolites, amphibole is partly replaced by chlorite, and plagioclase by albite +-epidote 
+-calcite, due to alteration by retrograde metamorphism (retrogressive overprint), the  term 
retrograde (retrogressive) amphibolite may be used in accordance with the SCMR rules. 

The recommended definition of amphibolite reads as: 

Amphibolite is  a gneissose or granofelsic  metamorphic rock mainly consisting of  green, 
brown or black amphibole and plagioclase  (including albite), which combined form ≥ 75%  
of the rock and both of which are present as major constituents. The amphibole forms more 
than ≥ 50%  of the total mafic constituents  and is present in an amount of ≥ 30%. Other 
common minerals include quartz, clinopyroxene,   garnet,  epidote-group minerals, biotite, 
titanite and  scapolite.   

The boundaries of  the amphibolite field as defined here are presented on Figure 3. 

 

Relation to other rock groups 

Transition amphibolite – quartzo-feldspathic rock 

Transitions  of amphibolite to biotite-quartz-feldspar  gneisses, (even to schists) are relatively 
common.   The    boundary    between    the amphibolite   and the quartzo-feldspathic rock is  
set at a modal content  of 25% of  minerals other than amphibole and plagioclase. 

Transition amphibolite - calcsilicate rock. 

The  transition from amphibolite to calcsilicate rock is  generally marked by increasing  
amounts of calcic  pyroxene  and  plagioclase  in  the  rock.  The  critical boundary  is  again  
the  25%  content   of  minerals  other than amphibole and plagioclase. 

In  some  metamorphic  rocks  there  are  alternating mm- to dm-thick layers of amphibolite  
and biotite-quartz-feldspar gneiss or layers of amphibolite and calcsilicate rock (or even 
marble).    For such rock associations the name banded amphibolite was used occasionally by 
some authors. As rock names, even with adjectives, can not be used for mixed or juxtaposed 
rocks of different petrographic types, these complex rock associations may be called an 
interlayered amphibolite and quartzo-feldspathic gneiss,    or   interlayered amphibolite 
and calcsilicate rock  (even interlayered amphibolite and marble). 

Rocks composed  entirely of amphibole,  other minerals being present  only   as  accessories,  
present   another  nomenclature problem.  Under the SCMR guidelines (see Schmid et al. 
2004), the term hornblendite is reserved for rocks with  90% hornblende. The terms 
hornblende granofels or hornblende gneiss may be used as an alternative. However, as may 
be seen  from the triangular diagrams, rocks containing more than 90% of amphibole are rare. 

 

 

GRANULITE 

Evolution of the meaning of this term 

In contrast  to the name amphibolite,  the name granulite is burdened by  many ambiguities 
and was  used with different meanings in different countries. In France  it was applied to fine-
grained granitic rocks  (Michel-Lévy, 1874; Cogné  and von Eller,  1961), but  this use  did 
not  find common  acceptance. In  Scotland and England the term granulite  was applied to 
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high-grade metamorphic products of  psammitic rocks. Most  widespread is the  use of the 
term    granulite    for    light-coloured,   quartzo-feldspathic, high-grade  metamorphic  rocks.  
This  meaning  for the  name was introduced  by Weiss  (1803) and  later defined  by many 
authors, mainly after the Central European fine-grained  granulites of the Granulitgebirge in  
Saxony and of  the Bohemian Massif  (inter alia, Lehmann, 1884; Scheumann,  1961; 
Scharbert, 1963). The introduction of facies  principle (Eskola 1921, 1952)  further 
complicated  the terminology, the  name granulite being proposed  and used for all rocks of  
the granulite facies, even  for those with intermediate and basic compositions. To avoid these  
ambiguities, Winkler and Sen (1973) proposed the  name granolite instead of  granulite for 
rocks with diagnostic   mineral   associations   of   the  granulite  facies ("regional hypersthene 
zone"). But this suggestion was not widely accepted. 

By  the end  of the  sixties, an  international group,  referred  to as the Granulite  Commission 
(H.J.Behr,  GDR; E.  den Tex, Netherlands;  D. de  Waard, USA;   K. H.  Mehnert, Berlin;  H. 
G. Scharbert, Austria;  V. S. Sobolev, USSR;  A. Watznauer, GDR; V. Zoubek, 
Czechoslovakia; H. J. Zwart, Netherlands), tried to define the term granulite  and published 
two reports (Behr  et al. 1971, Mehnert 1972).  The results of  the discussion were  excellently 
summarized by Mehnert (1972, p.148-9) and the proposed definition of granulite was: 

"Granulite is a fine- to  medium-grained metamorphic rock composed essentially  of feldspar  
with or  without quartz. Ferromagnesian minerals  are  predominantly  anhydrous.  The  
texture  is mainly granoblastic  (granuloblastic),  the  structure  is  gneissose to massive. 
Some granulites contain  lenticular grains or lenticular aggregates of quartz ("disc-like 
quartz"). 

Granulite is the type  rock of granulite metamorphic facies. The  composition  of  the  
minerals  corresponds to granulite P-T conditions (for details see above). 

The  following  rock  types  should  not  be included in the definition of "granulite":  Medium-  
to coarse-grained  rocks (>  3mm) of  corresponding composition  and origin  should be  
termed granofels.  Granulites being rich  in ferromagnesian minerals  (> 30%) should  be 
termed pyriclasites,  pyribolites,  or  pyrigarnites,  depending on their composition." 

 

The SCMR definition 

The  definition given  by  the  Granulite Commission  was an important  basis  for  
discussions  in   the  SCMR  and  for  the questionnaires. The comments on the proposed 
definition were strongly contrasting; a clear distinction from leptynite was also required 
(proposed  mainly  by  French  geologists).  The  results  of the discussion are summarized 
below: 

1. The  main constituents of granulites  are feldspars (perthitic alkali feldspar, plagioclase) 
and  quartz. Typical mafic minerals are  garnet (pyralspite),  orthopyroxene (commonly  with 
high  Al2O3 content)   and   clinopyroxene    (diopsidic);   other   typical constituents are 
kyanite, sillimanite,  rutile and ilmenite. Many granulites contain biotite (Mg- and  Ti-rich) 
and hornblende (with high  Ti contents).  In some  granulites cordierite may  also  be present. 

2.  In some  types of  granulites  the  fine grain  size and  the presence  of  platy  quartz  
crystals  ("Diskenquarze")  are very typical  (e.g. Scheumann,  1961;  Behr,  1961) However  
the SCMR proposes to  omit the structural  and grain  size criteria from the granulite 
definition.  The structural criteria were  based on the classical  Central  European  terrains,  
whereas  in the basement complexes of the world, the  granulite facies rocks are prevalently  
coarser grained and have a massive texture/randomfabric. 
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3.  The  main  problem  of   the  granulite  definition  is  the nomenclature  of  mafic  high-
grade  metamorphic  rocks  ("basic granulites") and  their relation to  granulites. These rocks,  
mostly  of  basaltic  composition, were named in older papers pyroxene granulites (e.g.  
Lehman,  1884) and this  name remained the only one generally used, even though it was 
considered to be not wholly appropriate. The necessity of a special name for “basic 
granulites“ was mentioned  by many authors (e.g. Lehmann, 1884; Scheumann, 1954), and if 
a special name could be adopted, “one of the  main difficulties of the granulite nomenclature 
could be settled“ (Mehnert, 1972). But the proposed and practical new term  pyriclasite  
(Berthelsen, 1960) did not find general acceptance during the SCMR discussions. The 
informal name  mafic granulite (Harley 1989) seems, therefore, to be the most appropriate at 
present. 

4.   Contrasting  opinions   were  expressed by the SCMR Study Group about  the  facies 
characterisation of the term granulite. Because it is difficult in the field to determine the 
metamorphic facies of rocks, especially when  the  critical  mineral (orthopyroxene) is  
missing,  the SCMR  does not preclude granulites belonging to  the amphibolite facies, 
because the characteristic mineral composition may be strongly influenced by the rock bulk 
chemistry. 

Considering  the above  comments the  recommended definition of granulite reads: 

Granulite  is   a  high-grade  metamorphic   rock  in  which Fe-Mg-silicates  are  dominantly  
hydroxyl-free.  The presence of feldspar  and  absence  of  primary  muscovite  are critical, 
cordierite may also be present. The mineral  composition is  to be  indicated by  prefixing the 
major constituents. The rocks  with > 30% mafic minerals (dominantly pyroxene)  may be 
called mafic granulites, those with < 30% mafic minerals (dominantly pyroxene) may be 
called felsic granulites. The term should not be  applied to ultramafic rocks, calcsilicate 
rocks, marbles, ironstones or quartzites. 

Detailed names and subdivisions may be given using mineral-root names, for example, 
garnet-clinopyroxene-plagioclase granulite, biotite-garnet-plagioclase granofels. 

 

Related rock names 

Several rock  names are associated  with the nomenclature of granulite rocks. They are  
briefly  mentioned below with the SCMR recommendations  on their use. 

Charnockite,  enderbite,  etc.  The  nomenclature  of  these orthopyroxene-bearing  granitoid 
rocks was given  by Le Maitre et al. (1989, 2002). 

Hälleflinta (Cronstedt, 1758). Fine-grained compact granular hornfels  formed by  
metamorphism of  acid igneous  rocks or acid tuffs, resulting  in a banded  and/or 
blastoporphyric rock.  Used mainly in Sweden and  Finland, partly  synonymous with 
leptynite. Not recommended for further use. 

Leptynite (Haüy,  1813). Name created  by Haüy and  probably first  published  by  
Brongniart,  applied  to fine-grained rocks composed  of  feldspar,  quartz  and  mica.  Later  
used  for all quartz-feldspathic light-coloured metamorphic rocks, irrespective of the intensity 
of metamorphism  (Cogné and von Eller, 1961). It is not recommended for further use. 

Leptite  (Sederholm,   1897).  Old  term   used  by  Swedish geologists  for fine-grained  
gneissose to  granulose metamorphic rocks  of  sedimentary  origin  mainly  composed  of 
feldspar and quartz with subordinate mafic minerals. The grade of metamorphism is  higher  

Kvačková Hana MUDr. Strana 5 25/05/2004    P:\djf\SCMR_AMPH_R2.doc 5



than  that  of  hälleflinta.  Partly  synonymous with leptynite; not recommended for further 
use. 

Namiester  Stein  (v.Justi  1756).   An  obsolete  name  for granulite from the locality 
Náměšť  in the Bohemian Massif, from where  this rock was  described for the first time. 

Pyribolite  (Berthelsen  1960).  According  to  the original definition,   a   high-grade   
metamorphic   rock   composed   of plagioclase,  hornblende, clinopyroxene,  orthopyroxene + 
garnet. The presence of orthopyroxene is  essential, hornblende and pyroxenes being present  
in  approximately  equal  amounts.  The  SCMR  does  not recommend  the  use  of  this  term,  
which  may be substituted by pyroxene amphibolite  or  hornblende mafic granulite  according 
to the quantities of the respective minerals present. 

Pyriclasite  (Berthelsen 1960).  High-grade metamorphic rock consisting mainly of feldspar 
(plagioclase) and pyroxene ( Cpx and/or Opx) with or without garnet. The presence of Opx is 
essential according to the original definition. After the redefinition by the Granulite 
Commission the contents of mafic constituents should be higher than 30%  (in vol.). As this 
name was not generaly accepted by the SCMR, the term mafic granulite is most appropriate at 
present. 

Pyrigarnite.   High-grade  metamorphic   rock  composed   of pyroxenes  and  garnet.  The   
presence  of  plagioclase  may  be expressed  by   a  prefix  (plagio-pyrigarnite).   This  
original definition  by Vogel  (1967) was  modified by  Mehnert (1972) and others,   and  
plagioclase   was  added   to  the  characteristic constituents  of pyrigarnite.  According to  this 
new  definition pyrigarnite is composed of plagioclase, garnet and pyroxenes (Cpx and/or 
Opx), the contents of mafic constituents being higher than 30%  (vol). The  SCMR does  not 
recommend  the use  of this term, which may be replaced by  garnet-rich mafic granulite or, 
according to the general rules, by Px-Gt-Pl-granofels  respectively (Schmid et al. 2002)  

Pyroxene  granulite. Name  for mafic  granulites, mostly  of basaltic  composition.  The term 
mafic granulites is recommended instead. 

Stronalite  (Artini, Melzi,  1900).  Regional  term  for high-grade metamorphic  rock  mainly  
composed  of  garnet,  feldspar  and  quartz. Biotite and cordierite may be present, as well as 
kyanite and  sillimanite.  The  name  may  be  replaced  by granulite, or according  to  the 
SCMR general  rules,  by  Gt-Qz-Pl-gneiss or -granofels (see also Schmid, 1968; Schmid et 
al. 2002). 

Trappgranulite  (Stelzner, 1871).  An  old  name  for  mafic granulites    ("pyroxene   
granulites")    mostly   of   basaltic composition. Not recommended for further use. 

Weisstein  (Engelbrecht 1802).  Obsolete name  for granulite from the oldest descriptions of 
these rocks in Saxony. 
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Fig. 1   Percentage contours for plots of 260 rocks described as amphibolites from various localities in 
the  Qz - Pl (Kfs) - Am (Cpx, Gt)  diagram. Straight  lines  at 30%, 75% and 95% indicate limits of the 
amphibolite field  recommended by the SCMR. Modal data from Fi era (1968).ë

Fig. 2  Percentage contours for plots of 127 rocks described as amphibolites from the Moldanubicum of the Bohemian 
Massif in the Qz (Ttn) - Pl (Ep) -  Am  and  Cpx (Gt, Bt, Chl) - Pl (Ep) - Am  diagrams.  Straight lines at 30%, 75% 
and 95% indicate limits of the amphibolite field  recomanded by the SCMR. Modal data from Fi era (1973), 
Pe ková (1973), Klápová (1977) and ichtárová (1977).
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Fig.3  Amphibolite field according to the SCMR definition. 
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