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ON TH E  S Y S T E M  O F  IGNEOUS R O C K S

( Abstract, preprint. )

Prof. Dr. E. S Z Á D E C Z K Y -K A R D O S S , Budapest

1. A n  exact c lass ification  o f rock s  is  based  on quantitative de

terminations. "C lassifica tions" accord in g  to one of the characteristics of 

the rocks, e.g. arrangem ent accord in g  to the chem ical or to the minera- 

log ica l composition rep resen ts  a nomenclatoric delimitation. True c lass ifi

cation o f the igneous rock s  is  com plex and includes quantitative arran

gem ents accord ing to the chem ical and the m ineralogical composition 

and to different textural characteristics. Textural characteristics o f the 

igneous rock s  include the micro textural ( :rock fab rics ), the macro textu- 

ral ( :s iz e  and shape of the igneous b od y ), the megatextural (iposition  

in the rock  association  o f the igneous com plex a rea ) and the geo  textu

ral pecu larities (:position  in the comagmatic petrographic provinces, i.e. 

the role  in the Earth’ s evo lu tion ). Quantitative o r  semi quantitative deter

minations o f these characteristics  a re  a lready  possible, thus the problem 

o f the com plex c lass ification  of igneous rocks may be approached.

The main trends o f the chan ges in the chem ical composition are 

m ostly determined by m ega- and geotextu ral factors: a )  basic and ultra- 

basic o rogen ic  and anorogen ic  upper mantle igneous activity, b ) acid  

synorogen ic  crustal plutonio activity, c ) intermediate, late and postoro- 

gen ic  mantle volcan ism  hybrid ised  by  the crust, d ) cratogen ic alkali 

magmatism o f the sheets.

The main physica l features — m ineralogical composition and petro- 

fab rics  — depend by  g iven  chem ical composition ch iefly  on the tempera

ture relations during the crystallization. Temperature relations are deter
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mined by  the type o f the igneous body and by the position o f the rock 

sample within the crust and the igneou s body. T h e  type o f igneous body 

on the other hand, depends on m ega and geotextural factors. H ence the 

m inera logica l com position and the petrofabric — named in this paper 

together the igneous rock  fa c ie s — are connected  with all the higher 

textural factors.

P ractica lly  igneou s rock  fa c ie s  is  determ ined by petrographic 

methods and the g eo lo g ica l informations included in these data are  a lre 

ad y  evaluable. Th e  quantitative determination o f the igneous rock fa c ie s  

ren d ers  poss ib le  the elucidating o f m acro—m ega—geotextural relations 

by  rock  specim ens o f small ou tcrops and deep borings.

In order o f the exactitude and reliab ility  o f quantitative determina

tions the first le v e l o f igneou s rock classification  is  the chem ical com

position, the next one is  the igneou s rock  fa c ie s  and the last le v e ls  are 

the m acro- geotextu ral relations: the type of igneous body, the igneous 

com plex and the petrographic p rovince.

The p roposed  c lass ification  o f igneous rock s  a ss ign es  the p lace  

o f rock types in the realm o f igneou s chem ical composition, igneous 

rock  fa c ie s  and rock  bodies, (in  this sen se  the igneous rock  types — 

d escr ib ed  by more than 1000 rock  names — mean statistically homo

gen eou s  parts o f igneou s m a sses .) O bviously  the com plex classification  

o f igneous rocks  rep resen ts  their gen etic  system , too. It y ie ld s  an exact 

bas is  for connecting petrography to geo logy , e ven  geochem istry  to g e o 

physics.

2. Th e  most com plete c lass ification  o f the chem istry of igneous 

ro ck s  — g iven  by P. N igg li and C. Burri — com prises 179 "magma typ es " 

Magma types do not include lo ca l hybride alterations o f igneous rocks. 

Using the c lass ification  o f magma types for igneous rock s  the hybrides, 

e.g. korunditic, carbonatic and peracid itic types delimited a lready  in an 

o lder c lassification  by P. N igg li must be added to this classification, too.

3. Th e  igneous rock  fac ies, a s  second  le v e l o f the system, m ay 

be d escrib ed  quantitatively by m icrotextural diagrams which connect the

m ineralogical composition and the granulometric distribution in a grain
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s iz e  frequ en cy percen t schem e ( f i g . l ) .

In this diagram the quantitative m ineralogica l composition is  shown 

by rectangles. One s ide o f it rep resen ts  the volume percent of the mi

neral spec ies , the other its grain  s iz e  extensions. ( Smaller rec tan g les  

inside the former m ay indicate different grain s iz e  concentration maxi

mums o f the mineral s p ec ie s  in question .)

Th e  most important feature o f the rock  fabric is  the granulometric 

distribution o f the rock  forming grains. The grain  s iz e s  are characteri

zed  by the maximum diameter o f the gra in s a s  seen  in the m icroscope. 

(T h e  description o f the quick determination method o f the granulometric 

distribution is  g iven  by the author in A c ta  G-eologica 11, 1967.) The 

granulometric distribution is  rep resen ted  in the m icrotextural diagram by 

cumulative granulometric curve. Strong anisom etry o f crysta ls  is  rep re 

sented  by a  secon d  curve show ing the distribution o f their smaller dia

m eters as  seen  in the m icroscope.

Chorismitic rock s  with m esotextural inhomogenity o f m ineralogical 

and even  granulometric composition are  represen ted  by twin or triplet 

m icrotextural diagrams.

4. M inera log ica l composition and granulometric distribution o f a 

rock  serie  having identical chem ical composition chan ges m ostly in 

function o f the rate o f coo ling o f the magma. Sanidine, zon ed  p lag ioc- 

lase, c linopyroxene are formed if the cooling w as  re la tive ly  fast during 

the temperature interval of crystallization . In contrary, perthite o r  two 

feldspar, uniform p lag ioc lase  crysta lls  and orthopyroxenes are formed 

by s low  rate o f cooling. D egree  o f triclinity o f fe ldspars  may show the 

temperature interval o f crystallization . The sequence o f pyroxene-am phi- 

bole-biotite ind icates in creas ing  vapor pressu re  and re la tive ly  s lo w  rate 

of coo ling  at d ecreas in g  temperature.

The granulometric cu rves  of igneous rocks formed from com pletely 

molten magma are controlled by the coo ling  cu rves  of the crystallization 

interval, those formed from partly molten (em bryon ic ) magma ch iefly  by 

the heating cu rves  ( f ig .2 ).
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Th e quotient o f the temperature interval (D ) and the length o f the 

time o f crysta llization  ( t ) ,  i.e. the a ve ra ge  rate of coo ling  ( c )  is  about 

an in verse  ratio to the grade o f crystallin ity ( K ) .

D
t c

A. 
K  ;

K  = A -

( A  is  the factor o f proportionality.) T h e  grade of crystallin ity m ay be 

exp ressed  by the median of the granulometric curve.

A v e ra g e  rate o f coo ling  and grade o f crystallin ity are, how ever, 

not unambigious va lues. Th e  relation between the grain s iz e  and coo ling  

is  ex p ressed  more exac tly  by  the complete granulometric and the comp

lete cooling curves.

The coo ling cu rve is  mainly a function o f a )  the shape factor 

determ ined by  the th ickness and m ass o f the magma body, b ) the tem

perature d ifference between the magma and the surroundings and c ) the 

d istance o f the sample from the border o f the igneous body.

The shape factor of a simple vo lcan ic  body is  determined mainly 

by its shortest diameter, e.g. in the c a se  o f a  simple sheet by  its 

thickness. In com posite sheets the shape factor equals the quotient 

I  v/ I t ,  where £ v: total th ickness o f the sheet, 1 t : sum of the time 

in tervals between the s ingle la va  flows. In subvolcan ic and plutonic bo

d ies  the whole m ass o f the body is  to be considered , too.

The temperature d ifference between the intruding magma and the 

surroundings is  — by  known geotherm al gradient — a m easure o f the 

depth o f crystallization . Th e  incipient temperature of magma may be 

estimated on the basis  of the chem ical composition. H ence the tempera

ture of the surroundings and — by  known geothermal gradient — the 

depth o f crysta llization  m ay be evaluated by the granulometric curve. In 

con sequ ence o f the heating e ffect o f former intruding magma m asses  the 

geotherm al gradient in c rea ses  in the same igneou s body with the duration 

of the intrusion.

The connection of the grain  s iz e  cu rves  with the coo ling cu rves  

for intermediate ( andesitic-d ioritic ) composition of a normal low  ortho
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magmatic vo la tile  content is  shown by  fig. 2. Th ere  are rep resen ted  10 

■s o f grain s iz e  curves, correspond ing to distinct g rad es  o f c rysta l

linity. T h e  grain  s iz e  cu rves  corresponding to a g iven  coo ling curve of 

m ore v is co u s  magmas than the normal dioritic a re  shifted towards the 

left, w h ereas those of basic and vo la tile  rich magmas towards the right.

5. On the bas is  o f the m icro- and m esotextural diagram and 

chem ical an a lys ises  12 types o f igneous rock  bod ies and 3 s e r ie s  of 

rock  types for a ll body types, i.e. 36 igneous rock  fa c ie s  may be preli- 

m inarly separated  (f ig .3 ).

R ock  bod ies ch aracterized  b y  spec ia l m esotextures ( chorism ites) 

and by heating cu rves  instead of coo ling  cu rves  are the migmatite comp

lexes , the basic rock  bod ies with "S ch lieren " textures, and many parts 

of the cauldron su bsiden ces containing (m ostly  extrem e) alkaline rocks.

Th e  3 ch ief s e r ie s  o f rock  types in the igneous bod ies are the 

follow ings: 1. the a ve ra ge  dry  orthomagmatic type, 2. the d ry  orthomag- 

matic rim rock  type (R )  and 3. the vo la tile  rich hypo- and metamagmatic 

rock  type (V )  often developed , too, on ly  a s  rim rock. The dry  rim 

rock  type rep resen ts  the ch illed  margin d escrib ed  m ostly a s  separate 

rock  type under sp ec ia l names and d iffers from the a ve ra ge  dry ortho

magmatic rock  type by  an about one g rade low er crystallin ity. The 

hypo- and metamagmatic type d iffers from the former ch ie fly  by  the 

appearance o f low  grade  "m etam orphic" hydrous minerals. T h ey  indicate 

a high vapour p ressu re  during the crysta llization  at low er temperatures, 

below  450— 600° C.

O bviously in the nature more rock  type s e r ie s  than 3 exist. Th is  

is  shown by the different m inera logica l composition o f rock  types in the 

same magma type and igneous rock  fac ies . E sp ec ia lly  the s e r ie s  of 

hypo- and metamagmatic rock s  — n eg lected  form erly a s  "not fresh " 

products — must be en larged  to d iscern e the different hydro silicate, 

silica, carbonate, com plex etc. rock  types. Th e  aim o f this first outline 

is, however, on ly  the arrangem ent o f o lder rock  names.

6. The com plex system  o f igneou s rock s  is  outlined prelim inarly
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in 3 tables, accord ing  to the 3 magma type s e r ie s  stated by N igg li. It 

contains the rock  names a s  d escr ib ed  in the "S p ez ie lle  Petrograph ie 

der E ruptivgesteine" of T roger, 1935, ordered  chem ically  accord ing  to 

the 183 N iggli-Burri magma types and to the 36 com plex igneous rock  

fa c ie s  a s  defined above. (H e re  is  p resented  on ly  one sheet o f these 

tables. Th is  d oes  not show the synonimic rock names belonging to the 

same magma type and the same rock  fa c ie s  and containing essen tia lly  

the same m ineralogica l composition, b ecau se in this sheet the diagram s 

of the m ineralogica l com position are  om itted.)

The rock  names applied by  T ro g e r  do not correspon d  a lw ays to 

the names o f the magma types g iven  by  N iggli-Burri. E.g. m issurite by 

T ro g e r  appears  not in the m issuritic but in the kajanitic magma type, 

and m elteigite not in the m elteigic but in the turjaitic magma type.

T h is  first outline o f the com plex c lass ification  p rov ides  183 x  36 

= 6588 ca tegor ies  o f igneous rock  types. Th e  number o f the known 

rock  types is, how ever, on ly  about 1000 without the new  types o f hypo- 

and endometamagmatites. O bviously  the 183 magma types are not equ iva

lent, many o f them d erive  from other magma types by  spec ia l p ro c e s s e s  

of the igneous rock  fa c ie s  formation. Such deriva tive  magma types are 

principally rep resen ted  m erely  by  one o r  two rela ted  igneous rock  fac ies. 

Th e  system ren ders  poss ib le  to evaluate the primary and the deriva tive  

magma types.

Abou t the half o f the magma types  occu r in the whole sequence 

of plutonic, hypabyss ic -su bvo lcan ic  and vo lcan ic  bodies. N ine o f them 

are  represen ted  by an esp ec ia lly  g rea t number o f rock  names. T h ey  

are obv iou sly  the most g en era l and the "primary" magma types". H ere 

belong the aplitgranitic, dioritic, gabbrodioritic, peridotitic, alkaligranitic, 

foyaitic, essex itic  and essex itgabb ro ic  magma, types. The plottings o f 

their chem ical composition appear m ostly in the corner cen tres o f the 

fie ld  of igneous rock s  (f ig .4 ).  T h ey  seem to rep resen t the main types 

o f the mentioned 4 genetic  groups o f the igneous rocks: upper mantle 

magmatism (peridotitic, gabbroidic, essex itgabbroid icm agm a typ es ), 

synorogen ic  deep  crust plutonism (ap litgran itic and alkaligranitic magma
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typ es ), se ro rogen ic  hybrid volcan ism  (d ioritic  and gabbrod ioritic magma 

typ es ) and alkali rock  serie  (e s s e x it ic  and foyaitic magma ty p es ).

In sharp contrast to these frequent types there are many magma 

types represen ted  — often even  by more rock  types — in on ly  one or 

two rela ted  types o f rock  bodies, presum ably the deriva tive  ones.

M ere ly  a s  vo lcan ic  la va  rock s  occu r 13 magma types, e.g. the 

adamellitic, peleeitic, hawaiitic, mugearitic, jumillitic ones. T h ey  are 

ch aracterized  by  re la tive ly  g rea t si and low  alk va lu es  in the si_ - alk 

diagram s (fig . 4 ) and m ostly b y  high k va lues.

Only plutonic dyke rock s  form 11 magma types, among them the 

Na-rapakivitic, syen ite-granitic, orbitic, groruditic ones. T h ese  are 

characterized  by re la tive ly  low  si, high alk and low  _k va lues.

M ore than 10 magma types occu r on ly  in cauldron subsidences, 

e.g. the urtitic, the montmouthitic and the tawitic magma types. T h e y  are 

all ch aracterized  by extrem ely high alk and m ostly low  k values.

M ore than 20 magma types appear m erely  in basic com plex 

stocks with Sch lieren-texture. T h es e  a re  ch aracterized  m ostly by  low  

si and alk but by  high fm_ va lues, i.e. they represen t bas ic  rocks.

Magma types  occuring on ly  a s  +_ deep  plutons without vo lcan ic  

bod ies are partly ac id  on es  ch aracterized  by re la tive ly  low  alk va lues, 

e .g. the rapakiwitic, moyitic, farsunditic, opdalitic types.

7. Th is  distribution of rock bod ies among the magma types in

d ica tes that the chem ical composition o f the igneous rocks are  con tro lled  

by  m ega- and geotextu ral factors  — e.g. by the o rogen ic  o r  anorogen ic  

p ro c e s s e s  — on ly  in the grea t outlines. The periferic  d eriva tives  from 

the main magma types seem to be contro lled  m acrotexturally by  the 

character o f the igneou s body.

It is  admitted that the evolution o f th ese~deriva tive  magma types  is  

m ostly the resu lt o f transvaporizaticn. Th is  is  shown e.g. by  the grea t 

n eogen ic  stratovolcano of the Cserhat and M atra Mts (H u n ga ry ). H ere 

the orthomagmatic rock s  a re  ch ie fly  dioritic, but advancing from the 

d eeper dykes towards the lava  sheets, the si content o f the rock  in crea 

ses . T h e  most frequent magma type o f the lava  sheets  is  the tonalitic one.
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H ypo- and endometamagmatic ro ck s  o f the same igneous com plex — 

occuring mainly a s  lacco lith es  — h ave  m ostly the same tonalitic charac

ter, though the m ineral associa tion  is  quite d ifferent from that o f the 

corresponding orthomagmatic rocks. O bviously  the change in the che

m istry concern ing the non-volatile elem ents o f the uprising magma is  the 

same in the ortho- and hypomagmatic rocks. T h e  magmatic evolution is  

due in both c a s e s  ch ie fly  to solutions deriv ing from the country rocks. 

Volatiles a re  retained in c lo sed  laccolith ic bodies, therefore their rock  is  

d eve loped  a s  hydrous hypomagmatic type. On the contrary, in the open 

la va -sh ee ts  vo la tile s  a re  delivered , the rock  d eve lops  as  orthomagmatite.

Th e  tonalitic magma type formed in this w ay  d iffers  from the d eeper 

dioritic one ch ie fly  by  the h igher si, a l and k and by  the low er fm 

N igg li va lues. H ence the components so lved  by  the transvaporizing v o 

la tiles  a re  — at least in the M atra Mts — m ostly potassic alum osilicates.

Th e  h ea vy  ion ic content o f the hypomagmatic rock  types is  often 

h igher than that of the orthomagmatic rock  types. T h ese  ore  forming 

ions seem to be in creas in g ly  leach ed  out from the surroundings, at the 

high vapor pressu re  characterizing  the crysta llization  o f the hypom ag

matic rocks. From the re lea sed  hydrous vo latile  e x c e s s  they c rys ta llize  

at d ecreas in g  vapor pressu re  and temperature, forming hydrothermal o re  

bodies.

8. Th e  d iscu ss ion  of the com plex genetic  classification  o f igneous 

ro ck s  on international sca le  and the ranging o f the rock s  o f the different 

continents and o cea n s  accord ing to a gen etic  system supplies a method 

for the system atic com parative study o f igneous rock and o re  in terrela

tions and o re  prospection.
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fig. 3.

Igneous rock  fa c ie s  and, rock  bod ies

A  ~ M : granulometric type, V : vo la tile  rich m inerals

s  = "sch lieren  texture, g  = g ra v ity  stratification, z  = zoned  p lag ioclase, 

d = depth m inerals
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