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Abstract: Metasomatic phenomena of single minerals in granites can be 

basically classified into two major patterns: 1) hetero-orientation replacement 

(nibble replacement) and 2) co-orientation replacement. The major formation 

mechanisms of mineral replacement are the dissolution-precipitation (for hetero-

orientation [nibble] replacement pattern) and the cation exchange (for sheet 

silicates of co-orientation replacement pattern). The simultaneous presence of both 

the replaced mineral on one side of a grain boundary and the same or similar 

mineral as the replacive mineral on the other side is a major necessary condition of 

formation mechanism for hetero-orientation (nibble) replacement pattern.  

Clear rim and intergranular albite are formed by replacement of K-feldspar by 

albite under the effect of pure Na-bearing hydrothermal gas or fluid. If Ca 

accompanies the Na-bearing gas or fluid, excess SiO2 from the replaced K-feldspar 

remains and takes the shape of vermicular quartz in replacive sodic plagioclase.  

Perthitic albite lamellae look like they have formed either by metasomatic 

processes or by exsolution from the primary K-feldspar crystal, but they are 

probably formed mainly by simultaneous crystallization.  

The key evidence for replacement is the presence of relics from the replaced 

mineral in the newly formed replacive mineral. However, the replacement 

phenomenon should be distinguished from simultaneous crystallization and normal 

inclusions in igneous rocks. 

Generally, a phenocryst can simply be distinguished from a porphyroblast. 
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When several metasomatic processes are superimposed, the steps in the 

replacement process can possibly be determined and understood in the light of the 

replacement rule. 

 

Keywords: metasomatism (replacement), co-orientation, hetero-orientation, 

dissolution-precipitation, cation exchange, clear rim, intergranular albite, 

myrmekite, perthitic albite, porphyroblast, phenocryst, simultaneous 

crystallization.  

 

Introduction 

 

After formation of granite, gases and solutions (either relevant or irrelevant to 

magmatic processes) can penetrate into solidified granitic rocks, resulting in 

instability or change of an individual primary mineral followed immediately by 

deposition or crystallization of a more stable new mineral, thereby partly changing 

the primary mineral into a new substance with different local structure.  

Lindgren (1925) stated: ñReplacement in solid rocks consists in solution of 

the host mineral, followed immediately by deposition of an equal volume of the 

guest mineralééThe volume of the replacing mineral equals the volume of the 

mineral replaced. Deposition follows so closely upon solution that at no time can 

any open space be discerned under the microscope.ò  

Mineral replacement, such as cation exchange, deuteric alteration as well as 

pseudomorphism, chemical weathering, leaching, diagenesis and metamorphism 

are all linked by common features in which one mineral is replaced by a more 

stable one (Putnis, 2002). 

Such replacements imply that metasomatism occurs in an open system that is 

different from classical metamorphism in which in situ mineralogical change 

occurs in a rock (generally accompanied by loss of water) without appreciable 

change in the chemistry of the rock. 

It is necessary to have gas-liquid fluid from outside to participate in 

replacement. Many petrographers emphasized that the original rock should have 

been cataclastically deformed before the gas-liquid fluid can penetrate and 
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circulate in the rock and cause the metasomatism. Other petrographers observe that 

replacement really occurs in undeformed rock. The original rock texture has been 

basically preserved even so far. They hold that under a certain temperature and 

pressure the gas-liquid fluid surely could have moved into and out of such a solid 

rock. The period needed for the gas-liquid fluid to reach a certain distance in the 

rock must be long because the rate of flow is slow, but in terms of geologic time, 

the duration is short. The metasomatic phenomena surely could have occurred in 

essentially undeformed rocks for most of the examples illustrated in this article.  

Moreover, under new physical-chemical circumstances, the compositional 

transformation of an old mineral (via cation exchange) locally or wholly into a new 

one without dissolution-reprecipitation by gas-fluid is also a reaction product of 

metasomatism.  

Generally speaking, the metasomatic process is characterized by the following 

features:  

1) A rock remains in solid state as the whole metasomatic process proceeds.  

2) Transformation (reformation) or dissolution of a previous mineral occurs 

almost simultaneously with formation of regenerated minerals without any 

evidence of open space. 

3) The volume of the replacive guest mineral is equal to the volume of host 

mineral that is replaced.  

If one mineral is partially dissolved by one solution and if after an interval 

during which open spaces exist and new minerals are deposited in these spaces by 

solutions of a different composition, this process should not be treated as 

replacement but as a type of filling.  

Metasomatism is conceptionally different and distinguished from isomorphism 

that occurs during magmatic crystallization. Metasomatic phenomena are similar to 

cotectic ones when two minerals simultaneously crystallize, so they may often be 

confused. Besides, metasomatism is easily indistinguishable from unmixing 

(exsolution) in a solid solution. 

The replacing phenomena discussed in this paper apply to single individual 

mineral replacements in granites that are observed during microscopic thin section 

studies. The replacement of a primary mineral by an aggregate of new minerals is 
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more complicated and not discussed here. 

 

Two major patterns of single mineral replacement in granites  

 

According to the authorôs observation (based on similarities or differences of 

crystallographic lattice and orientation of replacive and replaced minerals), 

metasomatic phenomena that occur in single minerals in granites can be basically 

classified into two major patterns: 1) hetero-orientation replacement (nibble 

replacement) and 2) co-orientation replacement.  

 

Hetero-orientation replacement (nibble replacement) pattern  

 

Hetero-orientation replacement (nibble replacement) occurs in undeformed 

intrusive rocks soon after rock-formation, as well as in broken or gneissic rocks. 

Nibble replacement occurs at the boundary between two mineral grains. 

Taking the crystallographic lattice orientation of the same or similar mineral upon 

which the replacive mineral contacts, the replacive mineral gradually grows into 

the adjacent mineral capable of being replaced, as if nibbly eating it. The 

unreplaced part of the replaced mineral survives in the replacive mineral without 

changing its crystallographic orientation. 

The crystallographic lattice orientations of replacive and replaced minerals 

must be different or discordant. That is, the nibble replacement occurs at the 

boundary between two minerals with different orientation. No nibble replacement 

is possible along the boundary between two minerals (plagioclase and K-feldspar, 

for example) where they have the same and parallel crystallographic orientation.  

Only where no identical or similar mineral is present to allow growth, an 

impurity in the rock could serve as a crystal nucleus.  

Nibble replacement phenomena that are commonly observed in granites are 

albitization, K-feldspathization, muscovitization, quartzification, as well as 

berylitization, calcitization and pyritization. 

 

1) Nibble replacement albitization 
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Nibble replacement albitization in granites, especially rich in alkali, quite 

often occurs at the grain boundary between plagioclase and K-feldspar as well as 

two K-feldspars.  

a) Nibble replacement albitization at contact of plagioclase with K-

feldspar 

Taking the crystallographic lattice of the plagioclase as crystal nucleus, the 

replacive albite grows nibbly towards the adjacent K-feldspar.  

A K-feldspar megacryst may always contain inclusions of plagioclase. Albite 

rim (named óclear rimô by Phemister, 1929) often surrounds the plagioclase 

inclusion. The width of albite rim is commonly <0.1 mm, but can be as much as 

0.3~0.4 mm in granites rich in alkali, alumina and silica. ñThere is usually a sharp 

and smooth contact from the main plagioclase (typically oligoclase) to the albite 

rim, whereas the albite-K-feldspar boundary is irregular. Some rims contain thin 

spindles of quartz oriented quasi-normal to the surfaceò (Smith, 1974).  

ñClear rimò occurs only at contacts of plagioclase with differently oriented K-

feldspar, but is absent where plagioclase contacts co-oriented K-feldspar (Pl1 in 

Fig. 1A) or between two plagioclases or between plagioclase (or K-feldspar) and 

quartz (Fig. 1A, 1B). 

  

http://www.csun.edu/~vcgeo005/Chi-1-1c.htm
http://www.csun.edu/~vcgeo005/Chi-1-1c.htm
http://www.csun.edu/~vcgeo005/Chi-1-1c.htm
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Fig. 1A. .-Clear rim around plagioclase in contact with K-feldspar.  

A---Inclusions of plagioclase (Pl1, Pl2, Pl3) are contained in K-feldspar (K1). Albite 

rim (Ab 2single prime,  

Ab 3single prime) occurs at contacts around plagioclase inclusions (Pl2, Pl3 

oriented differently with K-feldspar) but are absent along the border of plagioclase 

inclusion (Pl1 co-oriented with K1). The growth of albite Ab 2single prime is 

blocked where contacts occur with another plagioclase of perthitic albite. Naqin 

granite, Taishan County, Guangdong Province.  

B---Albite rim (Ab 1 single prime ) is present only at the contact of plagioclase Pl1 

with K-feldspar. The plagioclase is not sericitized. 

C---Albite rim is absent at contact with quartz. 

D---Replacive albite occurs at the border of plagioclase with K-feldspar. 

E---Relicts of perthitic albite remain in the clear rim Abô, indicating the 

replacement origin of the latter. 

F---Arrows show the growth direction of the replacive albite. 

 

Small relicts are found in the clear rim in some places where the rim is thicker 

and the perthitic albite lamellae are more developed (Fig. 1E, 1F, and Fig. 2).  

 

 

 

 

 

 

 

 

 

http://www.csun.edu/~vcgeo005/Chi-1-1c.htm
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Fig. 2.-Intense nibble replacement of albite ( 0.8 mm thick) towards K-

feldspar.  The isolated relicts of perthitic albite Ab1 remain in the replacive albite 

Ab single prime containing tiny myrmekitic quartz. A---Crossed polars. B---Plus 

quartz plate. C---Local magnification of replacive albite. Naqin leucogranite, 

Taishan County, Guangdong Province.  

 

b) Nibble replacement albitization between two K-feldspar grains 

The albite grains often found at a grain boundary between two K-feldspars 

(K1 and K2) with different orientation are named as intergranular albites. The 

intergranular albite grains can usually be divided into two rows (Ab1ô, Ab2ô in Fig. 

3 as observed when a quartz plate is inserted under cross-polarized light). Each 

row (generally < 0.2 mm wide) has an approximate optical orientation as the 

perthitic albite in the K-feldspar against which it contacts; i.e., it has the same 

crystallographic orientation as that of the opposite K-feldspar. One row might grow 

quite well, while the other might develop poorly (Fig. 3C, 3D). It would be 

difficult accurately to determine the boundary between perthitic albite and 

intergranular albite if they directly contact each other because they have the same 

orientation (Fig. 3A, 3B).  
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Fig. 3.-Intergranular albite grains at the contact of two K-feldspars.  

Both clear albite rim and intergranular albite are situated at contacts with K-

feldspars. Their thicknesses in a given rock are similar, although intergranular 

albite has generally less continuity than that of a clear albite rim.  

There are several explanations for the origin of clear albite rims and grain 

boundary albite grains:  

(1) Unmixing (exsolution) of adjacent K-feldspar (Phemister, 1926; Tuttle, 
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1952; Ramberg, 1962; Phillips, 1964; Hall, 1966; Carstens, 1967; Haapala, 1997);  

(2) Late stage crystallization of magma (Rogers, 1961; Peng, 1970; Hibbard, 

1995);  

(3) The sericite in the rim of sericitized plagioclase is dissolved away by sodic 

hydrothermal solution (Cheng, 1942, 1962);  

(4) Plagioclase is replaced by K-feldspar (Deer, 1935; Schermerhorn, 1956). 

Both clear albite rim and intergranular albite are situated at contacts with K-

feldspars. Their thicknesses in a given rock are similar, although intergranular 

albite has generally less continuity than that of a clear albite rim.  

The author considers that the following relationships are favorable for 

determining the genesis of the feldspars. 

(1) Tiny relicts of perthitic albite of outside K-feldspar can be found in some 

places in a thin clear albite rim or intergranular albite (Fig. 1E, 1F, 2, 3A, 3B, 5). 

The relicts strictly maintain the primary orientation, although they are finer and 

clearer. Similar but coarser relicts of perthitic albite have also been found 

associated with clear albite where Na-metasomatism has modified K-feldspar in 

the Lyon Mountain granite gneiss in New York (Collins, 1997). 

 (2) A clear albite rim appears at a contact of plagioclase with K-feldspar no 

matter whether the plagioclase is sericitized or unsericitized (Fig. 1D, 1E).  

 (3) Very fine vermicular quartz can be found in intergranular or clear rim 

albite with An >2 (Fig. 2), but is absent in a pure albite rim (Anå0).  

(4) A clear rim is blocked where contacts occur with quartz or another 

plagioclase (Fig. 1A, 1C).  

Although the continuity of intergranular albite is less than that of the clear 

rim, the phenomena are identical, indicating that they are of the same origin (nibble 

replacement).  

It is difficult to determine the relation between perthitic albite and a clear rim, 

as well as intergranular albite, because ᵥ the chance contacts between them are 

rare due to their limited development; ᵦ perthitic albite in the form of a wedge or 

comb penetrates the clear rim (Fig. 3C) or intergranular albite, and in some places 

even as a veinlet that penetrates the intergranular albite (Fig. 4) as if the perthitic 

albite replaces the intergranular albite (also see Figs. 428, 429 in ñAtlas of the 

http://www.csun.edu/~vcgeo005/Chi-1-1c.htm
http://www.csun.edu/~vcgeo005/Chi-2-1.htm
http://www.csun.edu/~vcgeo005/Chi-1-1c.htm
http://www.csun.edu/~vcgeo005/Chi-3-1.htm
http://www.csun.edu/~vcgeo005/Chi-4-1.htm
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textural patterns of granites, gneisses and associated rock typesò (Augustithis, 

1973). The bridge-like veinlets (Fig. 4) are relicts that survived albite replacement; 

Relicts of perthitic albite in clear rim or intergranular albite cannot be seen; and a 

quartz plate was not inserted under cross polarized light to show minerals of 

different orientation and color.  

 

 

Fig. 4.-Swapped intergranular albite (Ab 1single prime, Ab 2single prime) at 

contact of two K-feldspars (K1, K2).  Relict (bridge like) of perthitic albite is 

formed in the replacive albite  Ab 1single prime.  Crossed polars plus quartz plate.  

Sanchakou leucogranite, Hebei Province.  

  

http://www.csun.edu/~vcgeo005/Chi-4-1.htm
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Fig. 5.-Swapped rows of albite at contact between two K-feldspars at contact 

between two K-feldspars.  Relict of perthitic albite (Ab2) remains in the replacive 

albite containing very fine myrmekitic quartz (dark grey).  Zaojiayao granite, 

Xuanhua County, Hebei Province.  

Although it is difficult for albite to replace an entire plagioclase crystal, the 

replacive albite may still replace tiny perthitic albite. Moreover, the presence of 

tiny relicts of perthitic albite in the replacive albite is easily missed if the quartz 

plate is not inserted.  

 

2) Nibble replacement K-feldspathization 

 

The objects of nibble replacement K-feldspathization are mainly plagioclase 

and K-feldspar.  
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a) New K-feldspar nibbly replaces old plagioclase 

Plagioclase crystals are often enclosed by K-feldspar. 

When nibble K-feldspathization occurs, the grain boundaries of these 

plagioclases are complicated and circuitous. Some remnants of plagioclase were 

situated at borders with K-feldspar (Fig. 6).  

 

 

Fig. 6.-Isolated relicts of plagioclase in K-feldspar (K).  Plagioclase Pl is 

replaced by the K-feldspar K single prime.  K single prime has the continuous 

orientation as the primary K-feldspar K, but lacks perthitic albite compared with K. 

Crossed polars.  Huangshatang two-mica granite, Zhuguangshan batholith, 

Guangdong Province.  

  

http://www.csun.edu/~vcgeo005/Chi-6-1.htm
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Fig. 7.-Plagioclase grains (Pl2, Pl3, Pl4é.) are nibbly replaced by K-

feldspathization, except Pl1 which is co-oriented with K-feldspar K1.  Da-ao 

granite, Yangjiang County, Guangdong Province.  

 

This phenomenon is always treated as an important evidence of intense K-

feldspathization and, therefore, the megacryst of K-feldspar has a porphyroblast 

origin. Surely, the plagioclase is really replaced by K-feldspar, but the replaced part 

is mainly focused at the small limited area around the relicts of plagioclase nearby. 

It is hard to judge whether the whole uniform K-feldspar away from the 

complicated boundaries has a metasomatic origin.  

Fig. 6 shows that the newly formed (metasomatic) K-feldspar penetrating into 

the relict areas is comparatively pure and containing less perthitic albite than that 
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in the outside surrounding K-feldspar. The author considers that the latter is the 

preexisting primary K-feldspar and the former has a metasomatic origin. If the 

primary K-feldspar (K3 in Fig. 8) also lacks perthitic albite, there is no apparent 

border between primary K3 and metasomatic K3 ï because the two K-feldspars 

have the same crystallographic lattice, resulting in difficulty to observe the 

difference between them. As a result, it is easy to reach a conclusion that the whole 

K-feldspar has a metasomatic origin.  
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Fig. 8.-Plagioclase is partly nibbly replaced by K-feldspar  

A---Cross polarized light. K 3 single prime has nibbly replaced the rim of 

plagioclase Pl1 on the basis of primary K-feldspar K3.  

B---Plus quartz plate. The relicts of plagioclase maintain the original orientation. 

C---Cathodoluminescent image. K 3 single prime has the similar tone as K3 except 

less light blue. 

  

Note that the orientation of the replaced plagioclase inclusions is obviously 
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different from that of the surrounding K-feldspar (Pl2, Pl3, Pl4 in Fig. 7. The 

plagioclase Pl1, having the same orientation as the K-feldspar, may have been 

preserved because of this relationship and be kept from being replaced by K-

feldspathization. Therefore, nibble K-feldspathization aims only at the plagioclase 

which has a different orientation from that in the K-feldspar. The preservation is 

not on account of their strong structure (less likely to be fractured) as deduced by 

Collins and Collins (2002a), but just because their parallel lattice boundaries are 

strictly sealed, preventing introduction of gas or liquid that would allow 

replacement to occur. 

b) New K-feldspar nibbly replaces old K-feldspar 

The appearance of K-feldspar grains in the rock is quite unique at first glance 

under cross-polarized light. The K-feldspathization that occurs at a contact border 

between two K-feldspar grains is characterized by the nibble replacement of 

primary K-feldspar by newly formed K-feldspar. The latter usually contains tiny 

perthitic plagioclase vermicules with the same orientation as the host replacive K-

feldspar, radially pointing toward the border (Fig. 9) instead of the normal perthitic 

albite stringers enclosed in primary K-feldspar. In some places, the relicts of 

primary K-feldspar (Fig. 9) or its perthitic albite lamella (Figs. 10, 11) may be 

enclosed in the newly formed replacive K-feldspar, which can be seen when a 

quartz plate is inserted.  

http://www.csun.edu/~vcgeo005/Chi-9-1.htm
http://www.csun.edu/~vcgeo005/Chi-9-1.htm
http://www.csun.edu/~vcgeo005/Chi-10-1.htm
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Fig. 9.-Nibble replacement of K-feldspar at contact between two primary 

K-feldspars (K1, K2).  Fine vermicular lines of albite and relicts of the primary K-

feldspar are found in replacive K 1 single prime and K2 single prime. Hengling 

biotite-pyroxene monzonite, Guangdong Province.  
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Fig. 10.-Swapped replacive K-feldspar crystals with arrows occurring at the 

grain boundary between three differently oriented preexisting (probably 

primary) K-feldspar crystals (K1, K2, K3).  A---Cross polarized light. B---Plus 

quartz plate. C---Cathodoluminescent image.  Huangnitian granite.  Yangjiang 

County, Guangdong Province.  
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Fig. 11. Fig. 11.-Complicated K-feldspar (K1 and K2) and plagioclase (Pl) in 

Huangnitian quartz syenite.  Relicts perthitic albite (Ab1) of the primary K-

feldspar (K1) and myrmekitic perthitic albite (Ab 2 single prime) occur in the 

replacive K-feldspar ( K2 single prime). Plagioclase (Pl) is stable.  Huangnitian 

quartz syenite, Yangjiang County, Guangdong Province.  

Fig. 10 shows that the metasomatic K-feldspars (K1, K2ô, K3ô ) nibbly replace 

the adjacent K-feldspars (K1, K2 , K3) on their boundaries. K1ô replaces K2 

downwards, K2ô replaces K3 leftwards and K1 rightwards, respectively, while K3ô 

replaces K2 rightwards.  

Cathodoluminescent image (Fig. 10C) shows that the back ground of all K-

feldspar luminesces dead-wood tan, that the replacive K-feldspar in many places 

has bright sky-blue luminescence, and that the primary K-feldspar luminesces 

pinkish purple. But part of the bright sky-blue color also extends to the primary K-

feldspar.  

Both the pinkish purple (for primary K-feldspar) and bright sky-blue (for 

http://www.csun.edu/~vcgeo005/Chi-10-1.htm
http://www.csun.edu/~vcgeo005/Chi-10-1.htm
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replacive K-feldspar) disappear at any intensely argirillized part with dark color of 

K-feldspar. 

The orientation of the metasomatic K-feldspar (Kx') is different from that of 

the replaced K-feldspar, but coincides with the adjacent K-feldspar (Kx) on which 

it epitaxially grows. Because the size of the replacive K-feldspar may be as much 

as 3 mm, the primary K-feldspar on which the replacive K-feldspar nucleates may 

not appear in the same thin section (Fig. 11). 

An unusual perthitic K-feldspar, containing vermicular plagioclase lamellae 

in monzonitic rocks from the Maronia pluton in northern Greece has been reported 

by Collins (1998c). The unusual perthitic K-feldspar invades other K-feldspar 

crystals that lack the vermicular plagioclase (Fig. 12). Data come from Georgios 

Christofides (Department of Mineralogy, Petrology, and Economic Geology, 

Aristotle University of Thessaloniki, 54006 Thessaloniki, Macedonia, Greece). 

This kind of structure (vermicular plagioclase lamellae) in K-feldspar is quite 

similar to the replacive K-feldspar mentioned above.  

http://www.csun.edu/~vcgeo005/Chi-11-1.htm
http://www.csun.edu/~vcgeo005/Chi-12-1.htm
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Fig. 12.-An unusual perthitic K -feldspar, containing vermicular plagioclase, 

occurs in monzonitic rocks from Maronia pluton in Northern Greece.   The K-

feldspar crystals that contain the vermicular plagioclase invade other K-feldspar 

crystals that lack the vermicular plagioclase (Reported by Collins, 1998).  Work 

done by Georgios Christofides (Department of Mineralogy, Petrology, and 

Economic Geology, Aristotle University of Thessaloniki, 54006 Thessaloniki, 

Macedonia, Greece). 

Note that vermicular albite occurs in newly formed K-feldspar replacing the 

primary K-feldspar, while no vermicular albite occurs in newly formed K-feldspar 

where it replaces the primary plagioclase. 

 

3) Muscovitization 

 

Many petrographers consider that muscovite is metasomatic in origin. 

However, some muscovite could have a primary origin (under conditions of >1500 

Pa and 750ÁC), such as anhedral muscovite enclosing the idiomorphic biotite (Fig. 

13), or interstitial muscovite (Fig. 14).  

  

http://www.csun.edu/~vcgeo005/Chi-13-1.htm
http://www.csun.edu/~vcgeo005/Chi-13-1.htm
http://www.csun.edu/~vcgeo005/Chi-14-1.htm
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Fig. 13.-Primary muscovite (Ms) and metasomatic muscovite (Ms single 

prime).  The thick schistose muscovite (Ms) in contact with quartz (Q) is of 

primary origin, while the irregular branch-like muscovite (Ms single prime) 

replacing the biotite (Bi) and the K-feldspar (K) is of replacement origin.  Crossed 

polars.  Huichang granite, Jiangxi Province.  
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Fig. 

14.-Primary muscovite (Ms) and co-orientation metasomatic muscovite (Ms 

single prime).  Left figure, plane-polarized light. Right figure, crossed polars. The 

clear and transparent muscovite (Ms) epitaxially growing on a primary 

idiomorphic biotite (Bi) is primary, while the mottled muscovite (Ms single prime) 

containing the Fe-analyte has a co-orientation replacement origin from biotite. 

Huichang granite, Jiangxi Province.  

a) Muscovite replacing K-feldspar 

Nibbly replacive muscovite occurs always in branched form towards and into 

K-feldspar (Fig. 15). 

  

http://www.csun.edu/~vcgeo005/Chi-15-1.htm

