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A b s t r a c t. The banding of most of the metamorphic and composite rock 

units observed in Southern Finland, the Pyrenees of France, Southwestern Black 

Forest of Germany, the Otago District of New Zealand, Orni:i Huvud off the 

coast of Eastern Sweden, two "root zone" areas of the Southern Alps of Switzer

land, and the Fish Creek "Phacolith" of the Northwestern Adirondack Moun

tains of New York, U.S.A. ,  appears to reflect supracrustal layering. The banding 

of a few of the observed rocks, e. g., some of the "laminated schists" of Otago, 

New Zealand, appears to reflect preexisting structural discontinuities. Almost 

all of the banding is hybrid in that the preexisting sedimentary or structural 

discontinuities have been modified, commonly accentuated, as the result of some 

process(es) such as differential anatexis, permeation, or metamorphic differentia

tion. Nevertheless, in a general way "type" localities for each of the genetic 

categories of banded gneisses may be and are suggested. 

A few observations relating to banded gneisses support the conclusion that 

"granite" has been formed as the result of isochemical (or topochemical) meta

morphism, herein named treptomorphism, of granitic composition supracrustal 
rocks as well as by consolidation of magma and by metasomatism. Thus, granites 
may be classified, according to processes of formation, as follows: 

Magmatism 
Differentiation 

Anatexis 
Metamorphism 

Metasomatism 

Treptomorphism 

Introduction 

G e n e r a l S t a t e m e n t. - The investigation of gneisses of the 

Randesund Area of Norway (DIETRICH, 1960) , formulation of a classi

fication of banded gneisses1, and consideration of various genetic 

l This classification, with supplementary remarks, is repeated in the 

Summary, Conclusions, . . . . . . . . . . etc. , section of this paper. 
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criteria pertaining to the diverse types (DIETRICH, 1960a) prompted 
examination of other "banded gneiss" localities. Six well known 

western European localities, a northeastern United States of America 
locality, and the Otago District of New Zealand were visited. This 
paper consists of a brief review of the literature dealing with each area, 
personal observations, and general conclusions. 

The writer's observations at these localities are admittedly in
complete. However, they were made in the company of geologists who 
know the areas well and who guided him to most informative expo
sures. 

The chief value of this aspect of the banded gneiss investgation 
probably lies in the fact that it is an attempt by one person, who has 
seen all of these gneisses, to correlate the previously reported data, 
nomenclature, and interpretations. 

The sequence of presentation is alphabetical according to country 
with general locations as follows: southern Finland, Pyrenees of France, 
southwestern Black Forest of Germany, Otago District of New Zealand, 
Orn6 Huvud off the coast of eastern Sweden, two "root zone" areas of 
the southern Alps of Switzerland, and the Fish Creek Phacolith of the 

northwestern Adirondack Mountains of New York, U.S.A. 
Ackn o w l edg m e n t s. - Visits were beg un in 1959 while the 
writer was in Norway under the auspices of the United States Educa
tional Foundation in Norway (Fulbright Program). Professor T. F. W. 
Barth suggested the Randesund Area study which served to initiate 
the broader study of banded gneisses. 

The extended study reported in this paper would have been virtu
ally impossible without the aid of Professors D. S. Coombs*+. Sven 
Gavelin*+. A. R. Lillie+. Brian Mason, Eugene Raguin, F. J. Turner, 

Eduard Wenk* +, and W. Wimmenauer* +, Doctors Gerard Guitard +, 
Maunu Harme*+, W. D. Means*+. and H. W. Wellman, and Messrs. 

E. H. Brown* and B. L. Wood*+. Each whose name is followed by an 
asterisk conducted excursions and each whose name is followed by a 
+ read and criticized the section of the original manuscript of this 
paper alluding to the gneisses visited in his country or the complete 
original manuscript. Professor W. D. Lowry, a colleague at the Vir

ginia Polytechnic Institute, also discussed certain of the problems 
involved and read and criticized the original manuscript. 

The United States National Science Foundation defrayed the New 
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Zealand excursion expenses and part of the European travel expenses 

under Research Grant NSF - G 16022. 

It is with pleasure that I gratefully acknowledge these contributions. 
D e f i n i t i o n. - The definition of banded gneiss subscribed to in 
this paper is a layered metamorphic or composite rock, the layering of 

which is dependent upon the alternation of layers which differ markedly 

in compositions andjor textures. (Composite designates constitution at 
one time by at least two phase-wise different materials). 

These differ from "normal" gneisses in that they are layered rather 
than or as well as foliated. The thicknesses of indivual layers are gener
ally less than a decimeter and rarely exceed a few meters. The layers 

may be any of a number of diverse lithologic types such as gneisses, 
schists, quartzites, marbles, and magmatic rocks. Plates I and Il are 
pictures of typical hand specimens and outcrops of "normal" gneiss 
and banded gneiss. 

Although band(ed) is a two-dimensional designation, banded gneiss 

is, in the writer's opinion, too ingrained in geological literature to be 
changed merely for the sake of etymological correctness. Band is also 
used to designate individual layers of banded gneisses. 

As noted in appropriate places in the main text, some of the rocks 
described in this paper are not "typical" banded gneisses and others 
are not usually referred to as banded gneiss by the geologists who have 

studied them most completely. 

Southern Finland 

Many hypotheses dealing with the geneses of composite rocks have 
been based on studies of rocks of southern Finland and nearby islands. 
Banded gneisses of the area were first called "arterites" and considered. 
to have been formed as the result of the injection of magma in to foliated 
metasedimentary rocks (e. g., SEDERHOLM, 1907). 

Despite the similarities between this mode of origin, especially 
where the magma was considered. to be anatectic, and that suggested 
by HoLMQUIST for "venites", controversy reigned until well after the 
work of WEGMANN and KRANCK (1931). Perhaps the best resolution of 
this debate was that suggested by EsKOLA (1933, p. 16) -" . .. ac
tually they have spoken of two different phenomena which both are 
real and mostly occur together .. . ". In one of his la test pa pers, 
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SEDERHOLM (1934, p. 12) added to his original suggestions the possi
bility that these banded gneisses might have been formed as the result 
of " . . . strong shearing movements and a simultaneous segregation of 
the light and dark components into different hands". Also, it should 
not be lost sight of that SEDERHOLM (1907, p. 101), himself, once sug
gested in situ derivation of the granitic components of the gneisses 
"by dissolution of surrounding rocks", as the result of incipient 

fusion. 
EsKOLA (1933, p. 13), although not in direct reference to gneisses 

of the area, suggested differential fusion (partial anatexis) as a mech

anism for the formation of banded gneisses. Later, EDELMAN (1949, 
p. 12) suggested that some similarly appearing rocks, "veined gneisses" 
and "migmatic granites", which occur west of the Hang o area were 
formed by granitization. Still later, HARME (e. g., 1958), described 
similar rocks elsewhere in southern Finland and considered them to be 
possibly venetic but more likely arteritic on the basis of "addition of 
juvenile potassium" by injection and/or diffusion. He also suggested, 

however, that they may have undergone local anatexis. 

The rocks observed during the writer's excursions in southern 
Finland included banded gneisses, granites of the Hang6 type (a grano
dioritic gneiss that appears to have been K-feldspar enriched), and 
mixed rock zones. Age relationships currently believed to obtain among 
these and the other major Precambrian rock units of southern Finland 
are given by SIMONEN (1953, p. 15). 

Of the gneisses seen by the present writer, only those exposed 
approximately 50 km. N. 50° W. of Helsinki, near Olkkola, Vihti 
Parish and those previously called "banded diorite of Helsinki", and 
now termed banded amphibolites in field parlence, which occur within 

Helsinki are what would generally be referred to as banded gneisses. 
There are, however, several other banded gneisses in southern Finland 
(see, for example, figures in WEGMANN and KRANCK, op. cit. and in 
HARME, 1960). 

The banded gneiss of Vihti Parish consists of interbedded meta

morphosed arkoses, volcanics, marbles, and other Ca-rich (diopside
and locally scapolite-bearing) rocks, and graphite-bearing and graphite
rich hands. Garnets and cordierite are extremely common in biotite
plagioclase-quartz gneisses of the same sequence. The unit is cut locally 
by microcline granite "veinlets". 
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The "banded diorite of Helsinki" consists of alternating bands of 

amphibolites, amphibole gneisses, granodioritic-composition gneisses, 

granitic-composition gneisses, impure quartzites, and metagraywackes. 
There is evidence of local mobilization (possibly tectonic), injection, 
and mineralogical changes such as epidotization and chloritization. 

Locally, each of these gneiss units appears to have been metaso
matized and migmatized. The origin suggested for the Randesund area 
gneisses of Norway (DIETRICH, 1960a), i. e. chiefly essentially isochemi

caP metamorphism of supracrustal rocks, would appear to be appli
cable, with slight modification, to each of these banded gneiss units. 

Some of the gneisses observed in the mixed, gneiss plus "granite", 
zones might also be termed banded gneisses by some geologists. Theses 
gneisses appear to be injected, either anatectically or metamorphically 
differentially mobilized, and/or differentially metasomatized, with the 

result that the mobile portions of the rocks were concentrated along 
certain bands. The loci of concentration were influenced by preexist
ing banding of the autochthonous rock material. The preexisting 
banding was probably relict supracrustal but possibly was wholly or 
in part structurally imposed. In general, the interpretation of these 
gneisses as injection gneisses instead of as, for example, metamorphi
cally differentiated rocks depends upon field relationships and/or 
prejudices of their investigators. Perhaps all of the mentioned and even 
other processes acted to accomplish the observed end products. 

The chief difference between Harme's opinion and the writer's 
so far as the formation of this latter kind of "banded gneiss" is related 
to the subjective matter of how the granitic-composition bands gained 
their present compositions. Harme favors introduction of much of the 
material whereas the writer favors more nearly isochemical meta
morphism. 

In the terminology used by Harme and most of the currently 
active geologists working on these and associated rocks in southern 
Finland, the designation banded gneiss is used in the same sense that 
the writer has used it in previous papers and is using it in this paper 

except where it appears enclosed in quotation marks. In general, they 

l [sochemical as used in this paper is equivalent to the topochemical of same 

petrologists. Defined simply, it means metamorphism without addition or sub

traction of material. The domain is the unit under consideration, typically a 

mappable unit. 
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believe that the banding reflects relict supracrustal stratification but 
they also accept as a possibility formation as the result of shearing. 

For the banded gneisses in which one of the chief components is of 
granitic composition the term "veined gneiss" is commonly used as an 
essentially non-genetic designation. Where such granitic bands have 
compositions and textures similar to spatially associated cross-cutting 
"veins", the term "arterite" is generally used, no matter how the granitic 
material is believed to have originated. The term "vein(let)" is used 
in a similarly nongenetic manner in that even material believed to have 
been injected as a magma may be said to form "vein(let)s" if the shapes 
of the masses are irregularly "veinlike" instead of tabular. 

Pyrenees of southern France 

Composite gneisses of France gained widespread notice in the late 
1800's, chiefly because of publications of Barrois, Lacroix, and Michel
Levy. Such gneisses of the northern Pyrenees, which received a great 
deal of special attention during this period, were interpreted as having 
been formed by permeation of the country rocks by molecules, gases, 
hydrothermal solutions, or some combination of these, and by lit-par
lit injection (e.g., MICHEL-LEVY, 1887, pp. 104-107). 

For the same and similar gneisses of the Pyrenees, RAGUIN (1938, 
p. 35) later offered an interpretation involving lit-par-lit injection and 
granitization as the result of the passage of a migmatitic front (in the 
sense of WEGMANN, 1935) with sporadic modification by anatexis. 

GUITARD (1935, 1955, etc.) found evidence that he has interpreted 
to support formation by simple recrystallization (with or without 
feldspathization) under stress, in certain places followed by regional 
metasomatism (or "granitization"), migmatization, and local anatexis. 
In some places he has been able to distinguish two kinds of these 
gneisses: one which apparent! y underwent only the first period of 
transformation, i.e. simple recrystallization under stress, and a second 

which, in addition, underwent a period of feldspar modification, prob
ably as the result of metasomatism. Many of the former are banded 
gneisses whereas few of the latter would be so designated. There are 
spatial and probably were temporal transitions between the two types. 

ZwART (1954) suggested that certain banded gneisses associated 
with the St. Barthelemy mass were originally sedimentary rocks, some 
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of the banding of which may reflect metamorphic differentiation pro
moted by addition of heat from a nearby intrusive. The "metamorphic 

differentiation" as described by Zwart would have involved partial 

anatexis and the rock would appear to fit best the migmatization 
category, subcategory differential melting, of the present writer's 

classification. 
The writer did not visit an y of the Pyrenees localities. A vailable 

time permitted only the examination of numerous specimens and 

photographs of the gneisses and associated rocks and discussions of 
their occurrences, characteristics, and problems relating to their geneses 
with Professor Raguin and Dr. Guitard. 

Most of the gneisses of the French Pyrenees do not exhibit banding 

that is well defined and on the scale of that exhibited by many of the 
gneisses of the southern Fenno-Scandian shield. Many of the banded 
gneisses of the Pyrenees consist of individual bands of greater thickness 
than the greatest dimension of any ordinary sized hand specimen. 
Nonetheless, exceptionally fine banded gneisses do occur locally, e. g., 

gneiss G4 of the Canigou massif (Plate IV B) and the metamorphosed 
tuffaceous rocks, "gneiss granules" of the Albere massif of the eastern 
Pyrenees (Plate IV A) . The locations of these massifs are shown on 
Figure I of AUTRAN and GUITARD (1957). It is ironic that although the 
banded gneisses of the northern Pyrenees are generally considered to 
be the classic ones, the finest developed ones occur, albeit locally, in 
the axial zone. 

ZwART (op. cit.) called the banded gneisses associated with the 
St. Barthelemy massif the "vieux paragneiss". GuiTARD (1955, p. 44) 
has called those associated with the Ag ly massif the "gneiss de Belasta". 
The ones associated with the Canigou and Albere massifs have been 
designated as noted in the preceding paragraph. 

The most exemplary banded gneisses, the "gneiss rubanes", are 
of Guitard's first category. Most, however, have more complex his
tories which include such processes as metamorphic differentiation, 
permeation, and even anatexis. Commonly these processes have re

sulted in accentuation of the preexisting banding. 
The gneisses are commonly marked by al terna ting bands of only two 

different lithologies, but, locally other lithologies, some notably Ca-rich, 
are also present. Such metamorphic (metasedimentary ?) minerals as 
sillimanite, cordierite, and almandine garnet are common constituents. 
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Most current workers interpret the banding of most of the banded 
gneisses to reflect supracrustal banding so far as gross features but not 
necessarily so far as details. The supracrustal sequences are believed 
to have consisted in part of acid volcanic tuffs. The metamorphism is 
considered to have been chief! y isochemical but with local introduction 
of materials and widespread deformation including local plastic flowage. 

Gneisses with crude banding, which apparently was formed as the 
result of lit-par-lit magmatic and/or metasomatic replacement activi

ties, also occur locally in association with the deeper zone masses, 
especially with those of the axial zone of the Pyrenees (such as the 
Canigou massif, see Plate IV C). The lit-par-lit character of these 
gneisses appears to reflect control by a preexisting banding, probably 
of supracrustal origin but possibly of structural origin. Many problems 
dealing with the origin of and the character of the mobilized materials 
remain unsolved. 

The nomenclature used by Guitard is, in general, that used by 
whomever introduced the term in question. So far as the terminology 
of banded gneisses and of other terms frequently used in this paper 
he agrees in general with the definitions subscribed to by the present 
writer. However, there is a slight difference in usage - the French tend 
to use "banded gneiss" to designate banding on the order of a meter 
thick and "gneiss rubane" for banding on the order of one or a few 
centimeters thick (G. GuiTARD, personal communication, 1961), 
whereas the present writer would employ the term banded gneiss for 
both. Raguin uses "migmatite" in the sense of WEGMANN (1935) and 
"lit-par-lit gneiss" in a purely descriptive manner, i. e. not necessarily 
synonymous with "gneiss formed by lit-par-lit injection". Zwart has, 
for the most part, used terms such as "paragneiss". 

Southwestern Black Forest of Germany 

A summary of early geological studies dealing with the Black 
Forest and areas of similar "banded gneisses" in Germany, such as 
those by SAUER (1893) and NIGGLI (1912), was given by WAGER (1935). 
Different sections of the Black Forest have relatively recently been 
studied by ERDMANNSDORFFER (e.g., 1943 and 1947) and WAGER (e.g., 
1938a and 1938 b) in the north, by MEHNERT (e. g., 1953 and 1957) in 
the central part, and by ROENES (e.g., 1940 and 1948), WIMMENAUER 
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(1950), and METZ and REIN (1957) in the south. The papers of Mehnert 
and Roenes pertain most directly to the rocks observed by the present 

writer. 
There is general agreement among most of the recent workers as 

to the genesis of the gneisses. They recognize evidence to support the 
following (or similar) chronological sequence of events (see, for example, 
ROENES, et al., 1949, pp. 14-23 and WIMMENAUER, 1959, pp. 13-20): 
l) supracrustal deposition of graywackes, shales, and subordinate marls 
that now constitute the paragneiss; 2) formation of the paragneiss 
with its foliation probably reflecting stratification but possibly also 
representing in part tectonic s planes instead; 3) basaltic injection, 
now represented by basic lenses essentially parallel to general banding 
- (some of these lenses may represent volcanics deposited during step 
number l); 4) formation of orthogneiss as the result of granitic in
jection into the paragneiss - anatexis, very possibly accompanied 
this; 5) metamorphism which pro babl y was initially chiefly cataclasis 

and later became dominantly thermal; and 6) a second and regional 
anatexis plus lateral secretion controlled spatially by the preexisting 
foliation, pegmatitic and granitic (aplitic) veining, and more nearly 
complete ("diatectic") mobilization. The first five steps are believed 
to have taken place in Precambrian time. The last may have been 
associated with Variscan magmatism because similar nearby pheno
mena have been shown to be so related. This is also permissively 
corroborated by K/Ar dating (MEHNERT, 1958). 

So far as the "banded gneisses" are concerned, the sequence may 
be reduced to deposition of the parent materials, metamorphism to 
paragneiss, injection to form ortho- and mixed-gneisses, and at least 
local mobility and anatexis. Anatexis without addition of materials is 
believed to have taken place because of composition (i.e. consanguinity 
between the rocks believed to have been anatectic and the surrounding 
rock) and isolation of the portions of the rock considered to have 
existed as partial to complete melt within the remainder of the rock, 
which is considered to have retained near rigidity. 

The exposures examined by the writer are in the southern part of 
the Black Forest, south and east of Freiburg. The area is shown on the 
maps of MEHNERT (1953) and of METZ and REIN (1957) and is described 
most fully by RoENES (op. cit.). Similar rocks have also been figured 

and well described petrographically and chemically by MEHNERT 
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(op.cit.). The dark-colored rocks are roughly biotite-plagioclase-quartz 
gneiss, some of which are hornblende-bearing. Most of the light-colored 
rocks are roughly granitic in composition. All would be considered to 
belong to the amphibolite metamorphic facies. There are, however, 
sporadic layers that composition-wise would be termed feldspathic 
quartzites and others in which graphite and cordierite (possibly formed 
at the expense of biotite) are common. Locally, there has been diaph
thoresis, typically expressed by the presence of chlorite. As mentioned, 
there are rocks which are considered to be paragneiss, orthogneiss, and 
intimate intermixtures of these, amphogneiss. Some have been called 
"lagen gneis" (e. g. , MEHNERT, ap. cit.). 

N one of the exposures visited is characterized by gneiss with so well 
defined banding as that at, for example, Orno, Sweden. In fact, even 

those that do exhibit banding as well as foliation come doser to what 
the writer would consider to be gradational between "normal" and 
banded gneisses than to what he would eaU banded gneiss (unmodified). 

Most of the geologists who have worked in the area consider the 
banding in the paragneisses to be parallel to the preexisting sedimentary 
stratification and/or tectonic s planes and the banding of the composite 
gneisses to owe its appearance to pegmatite veining, metamorphic 
differentiation, and/or local anatexis (i. e. lateral secretion - see 
especially MEHNERT, 1951), each of which at least sporadically accentu
ated the foliation and locally the banding of the preexisting paragneiss. 

Many of the conclusions were based on fabric and quantitative 
mineralogical compositional studies. And, although these studies were 
most intensive in scope, it is the present writer's opinion that perhaps 
more has been read into the history of these rocks than is warranted 
on chiefly this basis. Nonetheless, the fitting of the observed relation
ships into the overall regional picture (summarized above) is amazingly 
convincing and the preceding statement should not be construed to 
suggest that the present writer believes that less has happened to the 
rocks than has been suggested. Possibly the rocks have gone through 
many more than the suggested number and kinds of steps. 

So far as formation of banding is concerned, the observed rocks look 

like what the writer would expect to antedate a well to poorly banded 
gneiss that has undergone at least local mobilization (Plate V). If so, 

the banding was probably chiefly of the relict type but may have been 
in part of the composite and/or metamorphically differentiated-chiefly 
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chemical types, very possibly as the result of processes such as those 

suggested by Roenes et al. and summarized above. 
It is in publications dealing with the central and southern parts of 

the Black Forest that the . . . texis terms (e. g., metatexis) of ScHEU

MANN (1936) have had their fullest usage. Current usage is summarized 
in part by RoENES (1947, pp. 125-128) and by DIETRICH and MEH

NERT (1961). 

Otago district, New Zealand 

The banded rocks of the Otago District of South Island, New 
Zealand, first gained widespread attention within the geologic pro
fession because of TURNER's 1941 paper, "The development of pseudo
stratification by metamorphic differentiation in the schists of Otago, 
New Zealand". He concluded (1941, p. l) that "The banded or lami
nated structure. . . is. . . a pseudo stratification . . .  mainly the res ult 
of metamorphic differentiation, brought about by chemical mobili
zation of the more readily soluble constituents of the rock." Subse
quently, some of the rocks have also been studied by several other geolo
gists. In a recent study of the Brighton-Taieri Mouth Area of eastern 

Otago, RoBINSON (1958) concluded (pp. 29-30) "Parallel to the more 
obvious contacts there is often fine banding of alternating coarser- and 
finer-grained metamorphosed sands and muds, which are without any 
question of sedimentary origin . . .  and during the metamorphic period 
a strong schistosity developed, which is, with a few exceptions, parallel 
or nearly parallel to the original sedimentary bedding". (The present 
writer was not aware of Robinson's work, not yet published, until 
after his arrival in New Zealand.) 

A visit to this area was recognized early as essential to any signi
ficant review of banded gneisses, especially because of problems of 
genesis implied by Turner's conclusions (see also, 1952, p. 804). It 
became imperative after study at other localities of banded gneisses 

also previously reported to have been formed by metamorphic differen
tiation showed that those rocks most likely had a preexisting banding 
only locally modified by metamorphic differentiation. 

The rocks are well exposed sporadically throughout much of eastern 
and central Otago. They belong to the greenschist facies and are largely 
within the four chlorite sub-zones set up by Hutton and Turner (e. g. , 

TURNER, 1938). They are believed to have been chiefly graywackes 
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and argillites which were metamorphosed under conditions of high 
shearing stress and relatively low temperature (see summary in 

GRINDLEY et al., 1959, pp. 72-75). 
The most obvious banding - as seen by the writer at exposures, 

for example, near Roxburgh, south and east of Middlemarch, and 
between Brighton and Taieri Mouth - consists chiefly of alternations, 
commonly a few millimeters thick, of light-colored quartz plus albite 

bands and dark-colored micaeous bands interpreted to be meta-argillite 
(Plate VI). Commonly the quartz plus albite bands have thin selvedges 
which are even richer in ferromagnesian constituents and thus darker 

than the typical meta-argillite. 
In at least some localities described by RoBINSON (op. cit.) and 

others being described by E. H. Brown (M. Se. Thesis, U. of Otago) 
there also is a larger scale (typically 50-200 cm.) alternation of the 
banded quartz-albite plus meta-argillite combination and a relatively 

massive rock interpreted to be metagraywacke. Locally, as at most 
exposures in the tor-topography area south and east of Middlemarch, 
the larger and smaller scale bandings are parallel to each other. Contra

riwise, at some exposures near Roxburgh and at several places along 
the coast between Brighton and Taieri Mouth some thin quartz-albite 
bands are at an angle to the gross banding (Plate VI B). Even where 
this is true, however, the quartz-albite bands are much more common 
in the meta-argillite. At several places, no definite interrelationship 
between the larger and smaller scale banding is evident or has yet been 

established. 
As to interpretation of the banding, the writer finds himself in 

partial agreement and disagreement with both Turner and Robinson. 
All evidence appears to support the interpretation that the gross 
banding is relict sedimentary stratification. If so, the interlayers 

apparently represent metamorphosed graywackes and mudstones or 
argillites, some of which were carbon-rich, plus minor volcanics and 
tuffaceous sediments as well as rare conglomerates. The smaller scale 
banding appears to have been formed at least in part by metamorphic 
differentiation. Certainly, at the very least, metamorphic processes 
accentuated a preexisting banding. Where the two kinds of banding 
are parallel it appears that formation of the smaller scale banding 
may have been controlled by stratigraphic compositional differences 
and discontinuities; where the one is at an angle to the other, formation 
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of at !east some and perhaps all of the smaller scale banding may 

have been controlled by preexisting structural discontinuities, e. g., 
cleavage planes. These appear to be the two general cases. 

Where there is lack of parallelism among planar features, greatest 

angular discordance probably exists within the axial zones of folds. 
This "rule of thumb", however, has limited application because it is 

well known that diverse lithologies react quite differently under most 
given PT conditions. Therefore, in metamorphic rocks it is extremely 
hazardous to regard, without reservations, any banding the relation
ships of which are not clear to be either parallel to or at an angle to 
original stratification. The writer believes that rather than the proce
dures now used that three symbols should be used on maps: one for 
banding definitely parallel to relict sedimentary bedding, a second for 
banding definitely not parallel to relict sedimentary bedding, and a 

third for banding not proved to be either. Further, it needs to be kept 

in mind that commonly it is extremely difficult to recognize in their 
proper perspective such diverse measureable parameters as foliation, 
bedding, metamorphic layering, axial planes, rodding, and crinkling. 
In certain rocks of complex fabric bedding as such loses any real 
structural significance. 

In any case, so far as the Otago rocks are concerned, the question 
arises as to whether any of the banding that is parallel to the relict 
sedimentary layering was actually formed by metamorphic differen
tiation. In favor of forming the smaller scale banding by metamorphic 
differentiation are: the aforementioned selvedge relationships, the 
preference of this banding for the original layers that most likely were 
finer grained and thus had greater grain surface areas per unit volume 
and also probably higher water contents, the remarkably constant 
spacing of the hands within the given layers, and comparisons of this 
chiefly meta-graywacke plus meta-argillite sequence with unmeta
morphosed similar sequences. The apparent preference for and regular 
spacing within layers of certain lithologies is especially noteworthy 
because the interrelationship exists even where the quartz-albite hands 

are at an angle to the relict sedimentary contacts. Therefore, although 
these features may also be harmonized with the alternative inter
pretation that metamorphic differentiation merely accentuated initial 
stratification, formation by metamorphic differentiation, essentially 

as envisaged by Turner, appears also to fit the facts, i. e. it appears 
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that the banding, which manifests discontinuities of bulk composition, 
could have been produced by diffusive processes in a previously non
banded rock (see also THOMPSON, 1959). 

The mechanisms of metamorphic differentiation are unknown. 
Perhaps Turner's sequence of mechanical granulation, plastic move
ment, and crystalloblastic growth obtained, although evidence for the 
first two steps is certainly not obvious. His diagram (TURNER, 1938, 
Fig. 2) showing possible relationships between temperature, shearing 
stress, and diverse lithologies offers interesting possibilities. 

No matter what the mechanism(s), it seems only proper to state here 
that the writer believes that on the basis of his observations in Otago 
that some of his previously stated conclusions need to be modified -
especially those conclusions to the effect that metamorphic differentia
tion processes have had at most only subsidiary roles in the formation of 
the banding of an y banded metamorphic rock (DIETRICH, 1960a, p. l17). 

Most New Zealand geologists who are currently working with these 
rocks prefer to call them "laminated schists" instead of banded gneisses. 
Although the present writer agrees that banded gneiss is not an ap
propriate designation for these rocks, he does not believe that laminated 

schist is a good alternative. Meta-argillites and metagraywackes with 
quartz-albite hands, or something similar would appear to be more 
fitting. Perhaps the best, at least the most usable, nomenclature for 
these rather exceptional rocks is that introduced by B. L. Wood (un
published) which utilizes type locality designations, e. g., "Roxburgh 
style schist", to distinguish types of Chlorite IV sub-zone rocks with 
diverse thicknesses, spacings, and degrees of disruption of their quartz
albite laminae. Although the investigation of these rocks by structural 
petrographic methods is currently receiving great impetus, no attempt 
is made to review these terminologies because they have not yet reached 
publication. 

Orno Huvud, Sweden 

Probably the most famous banded gneiss locality in the world is 
Orno Huvud (translation: the head of the Island of Orn) in the 
Stockholm Archipelago. This is true not only because of its truly 
classical character but also as WENK (1936, p. 53) has said of the 
locality - "Die Entstehung dieser Millimeter un Centimeter breiten, 
eng wechsellagernden Gneisbander war von jehar umstritten. " 
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WENK (op.cit.) has summarized the early work. To review it briefly: 
The first interpretation of the banding, according to Wenk, was that 
it represents sedimentary banding ("neptunistischen Anschauungen"). 
CEDERSTROM (1893) and HoGBOM (1910, 1910a, 1912) next advanced 

a magmatic interpretation, i. e. that the gneisses resulted from solidi
fication of the border zone of a pluton under conditions of differential 
stress. The locality first gained widespread attention because of the 
magnificently illustrated monograph of Hogbom and the excursion of 
the International Geological Congress held in Stockholm in 1910. In 
1928, HoLMQUIST (1928, 1928a) reopened the question of origin of the 
gneisses and offered the alternative that the banding is a primary 
banding of supracrustal igneous rocks and tuffs. Others (e.g., SuNmus , 

1938) have long favored the viewpoint that the banding was formed as 
the result of in situ differentiation plus movement and pressure in a 

consolidating "urgranit" (primitive granite) magma. 
WENK (op. cit.) on the basis of intensive microscopic studies, es

pecially of the modes and fabrics of the rocks, suggested that the 

banding was formed as the result of metamorphic differentiation - an 
essentially mechanical sorting of constituent mineral grains dependent, 
for the most part, upon their forms and relative capacities for gliding. 

The geologic setting of Orno and vicinity has been described by 
SuNDIUS (1948). Although Orno is not actually shown on the main 
map of his report, it is shown on Figure 21. Rocks of the same general 
area are also dealt with briefly by GAVELIN (1960) and by GAVELIN and 
LUNDEGÅRDH (1960) in pa pers published since the present writer's visit. 

The bedrock of the island is chiefly leptite, granitic rocks, and the 
banded gneisses all of which are considered to be Old Svecofennian, 
i. e. relatively ancient Archeozoic. The rocks comprise a predominantly 
supracrustal sequence that now includes such diverse rocks as meta
conglomerates, metagraywackes, meta-arenites, banded iron ores, 
graphite-rich lenses, meta-calcareous rocks, and meta-volcanics. 

During the writer's excursion relict primary sedimentary features 
were searched for at outcrops of banded gneiss (see Plate Il). Although 
no features were found that could be interpreted unequivocally as such, 
some that very possibly represent scour-and-fill, slump, and graded 
bedding were found. These, in conjunction with the presence of diverse 
lithologies as bands, the continuities of some of the bands (e. g., one 
ca. 3 cm. thick band extends the full length of a ca. 60 m. long exposure 
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that is overlapped by the sea at each end), and the association of the 
gneisses with proved meta-sedimentary rocks as exposed, for example, 
on Ut6 (see GAVELIN, op. cit., figs. 1-4) support the hypothesis that 
the banding is basically relict supracrustal banding. 

The writer believes that all data fit best an ecclectic hypothesis in 
which the banding represents primary stratification that has been 
modified, typically with consequent accentuation of the banding. The 
primary strata would have been sediments and volcanics. The modi
fications would have been imposed by metamorphism including chem
ical and possibly mechanical differentiation. The mechanical differ
entiation, if it occurred, may have involved sorting as outlined by 
WENK (op. cit.) . There also was local, essentially concordant injection 
of basic and possibly also of aplitic material. The former have been 
metamorphosed to amphibolites ("metabasites"). The latter have been 

proved to exist nearby by Th. Lundquist (S. GAVELIN, personal 
communication, 1962) although compositional similatiries between 
them and the meta-tuffs make the two rocks generally indistinguish
able. Although relatively high feldspar content throughout much of the 
sequence may also support metasomatism, such does not appear to be 
a necessary complement. Essentially isochemical metamorphism of an 
originally feldspar-rich rock would give the same result. This outlined 
hypothesis is in essential agreement with the viewpoints expressed by 
Gavelin during the writer's visit. 

The nomenclature used by the geologists who studied these banded 
gneisses is, of course, tied up with their beliefs as to the genesis of the 
rocks, e. g., the early workers essentially restricted their terminology 
to igneous rock names. Most of the currently active geologists subscribe 
essentially to the terminology used in this report. It should be noted, 
however, that some of their metabasite dikes are concordant tabular 
masses. They seldom use the term sill where the injection appears 
to have been vertical or at a high angle, no matter what its tectonic 
relationships. 

Southern Alps, Ticino, Switzerland 

Gneisses of the southern Alps, as exposed in southern Ticino (Tessin) 
Canton, Switzerland, have been studied especially by GUTZWILLER 

(1912), WENK (e.g., 1943 & 1956), and WEBER (1957). Some of these 
gneisses are w&ll banded. 
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LaVERTEZZO 

T '"Tona lite Ts .. Tonaleschiefer 
Vg= Verzasca gneiss 'l: .. Triassic limestone etc. 

Figure l. Schematic cross-section of deeper Pennine Alps (largely after E. Wenk) 

The geologic settings of the gneisses visited by the writer - as 
shown on the maps and cross-sections of KNOBLAUCH and REINHARD 

(1939), WENK (1955), and WEBER (op. cit.) - are indicated on the 
schematic cross-section, Figure l. As indicated on the figure, gneisses 
which exhibit banding were observed near Carena, in the "root zone" 
of the Pennine nappes, and near Lavertezzo, within the contact zone 
between the core and mantle of the Simano nappe. 

The gneisses observed near Carena (ca. 6. 5 km. east of Guibiasco) 
are in the Malera and Prada valleys, directly west and east, respectively, 
of Carena (see KNOBLAUCH and REINHARD, Tbl. l, sec. 2 and WEBER, 

Tbl. VII). These valleys extend northward from the Morrobbia Valley 
through which the Tonale (Insubric) Line trends. The gneisses, which 
have been pictured and described most completely by WEBER (op.cit.), 
occur in the contact zone between the Tonaleschiefer and the tonalite 
mass. All three of these units are in the "root zone", north of the Tonale 
Line. The unit that exhibits banding is designated "augen gneiss of 
Melirolo". 

The banded unit consists chiefly of alternating bands of aplite and 
an augen gneiss with the overall composition of a granodiorite (Plate 
VII. B & C) . However, several sporadic meter-thick portions of the 
unit consist of either nearly pure aplite or nearly pure augen gneiss. 
In the banded portions, most of the aplite bands are less than 5 cm. 
thick whereas most of the augen gneiss bands are as much as 15 cm. 
thick. Locally the augen, which are zoned plagioclase, are essentially 
euhedral. Some of the aplite bands contain similar augen. A few bands 
of melanocratic "paragneiss", of nearly pure quartzite, and of marble 
occur within the unit. The large dimensions of the augen and the con-
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tacts between the aplite and augen gneiss bands and between those 
bands and the bands of the other lithologies are all essentially parallel. 
Aplite dikelets (see WEBER, Tfl. 5, Fig. 10) of nearly the same compo
sition and thickness as many of the aplite bands sporadically cut both 
the augen gneiss and aplite bands. 

As a result of the most recent and most intensive investigation of 
these gneisses, WEBER (ap. cit.) ruled out the possibility that the augen 
gneiss represents a border facies of the tonalite mass (KNOBLAUCH and 
REINHARD, op. cit.) and concluded that the augen gneiss bands are 
paragneiss which was metasomatized by material from the tonalite 
and that the aplite bands consist of injected material. Although the 
present writer cannot cite evidence that definitely precludes either of 
these conclusions, he finds it extremely difficult to accept them before 
considering the alternative that most of the constituents of each of the 
lithologies that occur as bands within the unit, including the aplite, 
were derived either wholly from within the unit or with but minor 

additions from outside the unit by metasomatism. This, of course, 
does not rule out the possibility that some may have at one time existed 
as anatectic magma. In other words, the present writer believes that 
all known evidence fits the hypothesis that the banding of these gneisses 
reflects original supracrustal banding modified by high grade meta
morphism involving recrystallization, and also possibly by metasomat
ism and/or essentially in situ anatexis. Perhaps even the materials of 
the crosscutting aplitic masses originated within the unit. 

Banded gneisses, that are almost as well defined as those of Orn6, 
Sweden, occur in the Verzasca Valley, near Lavertezzo, ca. 10 km. 
northeast of Locarno (Plate VIII A). As mentioned, they occur near the 
lower contact between the coarsely crystalline core and the more 
heterogeneous and foliated shell rocks of the Simano Nappe of the 
deeper Penninean nappes. 

The rock of the core, the Verzasca gneiss, is chiefly a microcline
bearing, two-mica, oligoclase gneiss of tonalite-to-trondhjemite chem
ical composition. Although the light colored rocks from much of the 
unit might be given igneous designations if seen in hand specimen only, 
the unit would not be so named after examination of most large expo
sures or of thin sections. The unit contains schist and impure quartzite 
layers and even its "massive" rock has such features as inverse zoning 
of its plagioclase feldspars and bent biotite which yields an ac girdle 
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upon petrofabric analysis. Although the unit may be merely a para

gneiss plus or minus constituents added by metasomatism, it appears 
more likely that at least some of the constituent rock materials had 
notable mobility, very possibly magmatic, including anatectic, mobil
ity. Most likely this mobility was attained during the tectonism re
sponsible for formation of the nappe. If this corresponds to the last 
time the mica was recrystallized, as dated by K;Ar and Sr;Rb analyses 
(JAGER and FAUL, 1959), it may be dated as early Miocene. 

The underlying gneiss, which is especially well exposed in the bed 
of the Verzasco River near the small bridge ca. 300 m. northwest of 
the church at Lavertezzo, is comprised chiefly by alternating bands of 
such diverse lithologies as biotite-K-feldspar gneiss, amphibolite, im
pure quartzite, impure marble, and calc-silicate gneiss, many of which 
are obviously metasedimentary. However, the unit also contains aplite 
dikes and pegmatites, some of which appear probably to have had their 
origin within the unit and others the materials of which possibly came 
from outside the unit. If any of the constituents did migrate into the 

unit, some may have migrated from the core of the nappe when it was 
mobile. 

These gneisses have some bands that are less than 10 cm. thick and 
several tens of meters in extent along the strike. Although no primary 
sedimentary features other than the banding were recognized, the 
compositions and sizes of the bands appear to support best classifi
cation of the banding as relict-supracrustal stratification. Modifications 
of the rock have been in response to dynamic and possibly thermo
chemical metamorphic processes with or without partial anatexis. 

This hypothesis of origin is somewhat in opposition to GuTZWILLER, 
who suggested (op. cit., p. 15) that all light hands of the gneisses may 
consist of injected materials related to those that formed the aplites 
and pegmatites, i. e. he considered the gneiss to consist of both para
and ortho-gneiss materials and, thus, to be a "mischgneis". It also 
appears to be in opposition to Wenk's ideas. Wenk (personal communi
cation, 1962) notes in particular that the gneisses are "not inside the 
crystallines of sedimentary ancestry, but ... mostly in the border zone 
between mobilized material and 'restites' ... and ... [that] the light-
coloured bands have the same composition as the mobile phases 
[ whereas] the dark bands are darker and more aluminous and richer 
in Fe and Mg than the original sediments" and he regards presently 
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observable banding to manifest metamorphic sorting that took place 
during "ultrametamorphism ... [within] ... the border zone of ana
texis [or] whatever term you prefer". Actually, however, conversations 

with Professor Wenk have shown that this latter apparent disagreement 
is chiefly one of accent. It is, nevertheless, noteworthy that several of 
the banded gneisses observed by the present writer in Finland, France, 
Norway, and Sweden also have this same general habitat. 

Along this line, perhaps it needs to be emphasized that the present 

writer's tentative hypothesis refers directly to only the gneisses adja
cent to the core rocks and not to the core gneisses, themselves. None
theless, the writer believes that future workers in the region should 
consider seriously the alternative that the core also may consist wholly 
or in part of recrystallized and partially mobilized sedimentary rocks 
of the same original sequence as the mantle rocks, either alone or along 
with mobilized Hercynian basement and/or Alpine injections. Such an 
hypothesis would harmonize well with the fact that certain of these 
rocks are typically restricted to certain stratigraphic horizons. 

The terminology of Niggli (see HuBER, 1943 and NrGGLI, 1954, 
pp. 14 7-151), e. g., chymogenic, has been used by some of the workers 
in this region. Otherwise, terms like paragneiss and orthogneiss, with 
their usual connotations, predominate in the descriptions. 

Fish Creek Phacolith, New York, U.S.A 

The Fish Creek Phacolith in the northwestern foothills of the 
Adirondack Mountains of New York, U.S.A. , has numerous exposures 
of rocks which would undoubtedly be designated banded gneiss by 
many geologists. These were previously interpreted by the writer (DIE

TRICH, 1954) to consist of tabular xenoliths within alaskitic gneiss 
which was formed by the consolidation of syntectonically, permissively 
injected magma. Only slightly different interpretations have also been 
given for several similar masses in the same general region (e. g., 
MARTIN, 1916 and BUDDINGTON, 1929). 

The general geological setting of the region has been outlined by 
BUDDINGTON (1939). Suffice it to repeat here that the "phacoliths" are of 
Precambrian Age and occur, along with other diverse apparently intru
sive igneous masses, in a belt of Grenville metasedimentary rock forma
tions in the foothill belt of the northwestern Adirondack Mountains. 
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Concerted efforts were made during revisits1 to find features that 

might be relict sedimentary features. These were searched for in each 
of the constituent lithologies - the predominant alaskitic gneiss, the 
next most abundant amphibole-rich foliated rocks, the quartzites, and 
relatively rare garnetiferous gneisses. None was found. Rock com
positions were also rechecked, especially because BuDDINGTON (1957, 
p. 295) had found none of the samples he selected and studied to con
tain more than 42 per cent quartz. The present writer's original 
descriptions were verified for the rocks he described by both petro
graphic and chemical analyses. In fact, it was found that not only 
high-silica-content alaskitic gneisses occur but several of the rocks 
might better be termed feldspathic quartizites - and, essentially all 
gradations between these apparently exist. 

Features which were difficult to reconcile with the writer's original 
interpretation were reconsidered at length. Especially noteworthy are 
the presence of sporadic high silica-content (> 80 per cent) zones of 
ala!;kitic gneiss, and associated feldspathic quartzites (which, along 
with especially the diverse amphibole-rich foliated rocks present a, 
albeit obscure, stratigraphy) , the shapes of the amphibole-rich foliated 
rock masses ter med tabular xenoliths (Plate VIII A), and the presence 
within the mass of crosscutting melanocratic dikes with relationships 
such as those shown in Plate VIII C. 

Although silica contents as high as some of those found to occur 
may not preclude formation of at least some of the alaskitic gneiss 
from injected magma, they, along with "stratigraphic" aspects, appear 
to fit better an interpretation in vol ving consolidation from an anatectic 
magma formed essentially in situ, if indeed it ever was magmatic. 

"Xenoliths" with sheet-like dimensions (e.g. , up to several meters 
x several meters x a few centimeters) would appear to be extremely 
difficult to incorporate into an injected magma even if that magma 
was injected permissively. Contrariwise, they would appear to be quite 
accordant if interpreted to represent layers of a sequence which once con-

1 Results of the revisits, remapping, and extended laboratory studies will 

be presented after completion of a review of several of the related masses. 

Suffice it to say here that so far as the Fish Creek mass is concerned modifica

tions, especially recognition of greater complexities than in the original recon
naissance, in the structure and structural interpretations have been made as 
well as the modifications of ideas as to genesis noted breifly in this paper. 
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sist ed in part of an alaskitic composition rock and which once underwent 
partial anatexis with the "xenoliths" retaining integrity and rigidity or 
relatively high viscosity while the alaskitic composition rock became mo
bile or potentially mobile, in this case apparently magmatically mobile. 

The presence of the tabular melanocratic dikes has always been 
considered anomalous and difficult, if not essentially impossible, to 
relate logically to the originally suggested injection origin for the alas
kitic gneiss. Among other things, the dikes appear to have been pene
trated by alaskitic material consanguinous with the main alaskitic 
gneiss despite the fact that the dikes, themselves, cut across the foliation 
of the alaskitic gneiss and its included, structurally concordant, tabular 
"xenoliths". In compliance with the alternative hypothesis in vol ving 
essentially in situ partial anatexis the dikes may be fitted into the 
sequence quite logically as is apparent in the following paragraph. 

To summarize briefly- on the basis of his revisit, extended labora
tory studies, and further considerations the writer now believes that 
the hypothesis of origin for the Fish Creek "Phacolith" that fits all 
known facts best is as follows: 

l) Supracrustal deposition of a sedimentary and/or volcanic sequence 
comprised chiefly by granitic composition material but also with 
several intercalated layers of andesitic tuffs, dolomitic shales, or 
any of several other diverse rocks that become amphibolites upon 
metamorphism, plus layers and lenses of relatively pure quartz 
sandstones and a few lenses of highly aluminous materials; 

2) T ectonism; 
3) Metamorphism with formation of the amphibole-rich foliated rocks 

and other metamorphic rocks (possibly in combination with "2"); 
4) Local injection of the sequence by basaltic or similar composition 

dikes (this possibly occurred before or concomitantly with "2" 
and/or " 3" ) ; 

and 5) Partial anatexis -i. e. melting of much, if not all, of the granitic 
composition components but none or very few of the amphibole
rich foliated rock components - with at least local attainment of 
real as well as potential mobility of the resulting magma (Plate 
VIII B). This would have been syntectonic. 

The last four steps could have been nearly synchronous or part of a 
continous "cycle". The attainment of a magmatic state by at least 
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�me of the alaskitic gneiss and the fact that the magmatism was syn
tectonic have already been treated at length by the writer (DIETRICH, op. 

cit.) and the statements with regard to these aspects are still subscribed 
to. The chief difference, in fact, between this and the writer's previously 
suggested hypothesis of genesis is that the igneous origin is now con
sidered to have involved essentially in situ anatexis. The "new" hypo
thesis is suggested with full realization that it must harmonize with the 
presence of local "contact metamorphic" zones adjacent to the mass 
and with the presence of several nearby similarly constituted "pha
coliths" and a socalled sovereign mass, the "Alexandria Batholith". 

In so far as the bearing of this interpretation on the origin of banded 
gneisses, the writer believes that the banded gneisses of the Fish Creek 
"Phacolith" were very likely formed in a manner similar to the way 
most gneisses of the Composite - migmatization - differential melt
ing category have been. 

Summary, Conclusions, and Suggestions 

The banding of nearly all of the observed banded gneisses has been 
interpreted by the writer to be parallel to preexisting supracrustal 
layering. Exceptionally, the banding that transects the relict stratifi
cation of the Otago gneisses is believed to be parallel to preexisting 
structural discontinuities, very likely cleavage. Further, much of the 
presently observable banding at each locality is considered hybrid in 
that after initial sedimentary or structural discontinuities were es
tablished they were modified as the result of some process such as 
differential anatexis, permeation, metamorphic differentiation, or some 
combination of such processes. These processes commonly accentuated 
the discontinuities, many of which are now manifest as banding. 

If "type localities" , such as those used for stratigraphic formations, 
were to be set up on the basis of localities visited by the writer the 
following would appear to be most appropriate: 

Relict: 

Igneous banding 

flow l 
differentiation 
segregation 

- none seen 
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Supracrustal stratification -Orn6, Sweden (from standpoint 
of being least modified by pro
cesses listed below) 

Composite: 

Migmatization 
lit-par-lit injection 

differential melting 

Permeation 
hydrothermal activityf 
pneumatolysis 
molecular and ionic 

diffusion 

Kristiansand, Norway 
(DIETRICH, 1960a, Fig. 2) 

- Fish Creek "Phacolith", U.S.A. 

Helsinki, Finland ( ?) 
(subcategories not 
distinguished) 

M etamorphically differentiated: 

Mechanical redistribution -no ne recognized 
Chemical redistribution - Eastern Otago, New Zealand 

Eclectic: 

Combination processes - essentially all of them. 

Again, however, it should be emphasized that distinction between 
types, such as Metamorphically Differentiated-chemical redistribution 
versus Composite-permeation types, is quite subjective and involves 
perennial difficulties requiring arbitrary decisions dealing with dis
tances of transfer. 

This study was initiated mainly because most "banded gneisses" 
have generally been considered to be migmatitic and thus, of particular 
petrogenetic interest because of their bearing on problems related to 
the "granite controversy". It has been determined that many "banded 
gneisses" have little bearing on the problems of chief dispute. Features 
of banded gneisses that are relevant appear to support best the general 
conclusion that at least some granites are neither magmatic (including 
anatectic) nor metasomatic but were formed, instead, as the result of 
essentially isochemical metamorphism of supracrustal rocks of granitic 

to granodioritic composition. 
Undoubtedly at least some of the lack of consideration in the petro

logic literature of this possible genesis has been intentional. For many 
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years petrologists and even more particularly geochemists have em
phasized the apparent differences between the Na :K ratios of "average' 
igneous rocks and of "average" sediments and sedimentary rocks (for 
recent comments see BARTH, 1961). 

Actually, however, when one considers the dearth of analyses, 
especially for sediments and sedimentary rocks, his attention is mainly 
called to the fact that more analyses are needed. Certainly the time is 
ripe for a really extensive, petrologically controlled study of the chemis
try of rocks. However, even now if one looks closely at available indi
vidual analyses, rather than at "average analyses" ,  the differences 
between igneoid and sedimentary rocks lose significance so far as 
preclusion of formation of "granites" by isochemical metamorphism 
of supracrustal rocks. All sorts of correlations are possible. 

It was the presence of certain layers within some of the banded 
gneisses - layers which would undoubtedly be called granite on the 
basis of their inherent properties - that served to interest the writer 
seriously in the idea that some igneoid rocks may have been formed 
by essentially isochemical metamorphism of supracrustal rocks. 
Although it must be admitted that at least some of these rocks could 
have gained their present identities as the result of metasomatism -
though necessarily selective and controlled by extremely subtle diffe
rences of substrate, permeability, something else, or some combination 
of these - such does not appear to be so straight forward an inter
pretation as essentially isochemical metamorphism of a preexisting rock. 

Because the writer believes that with more study it will be proved 
that many "granites" were formed by essentially isochemical meta
morphism of supracrustal rocks, the following genetic classification -
based on processes of formation - is suggested for granites and similar 
rocks: 

Magmatism 
Differentiation 
Anatexis 

Metamorphism 
Metasomatism 
Treptomorphism 

In accordance with this classification: Magmatic granites of the 
differentiation subcategory would include those deri ved from fractional 
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crystallization of more basic magmas; magmatic granites of the anatexis 
category would include those formed as the result of melting - inter
granular, partial, differential, selective, or complete - of preexisting 
rocks, in el u ding rocks of the "original" crust; metamorphic granites 

of the metasomatism subcategory would include granites formed by 
metamorphism involving replacement of one or several elements by 
another or other elements that migrated in solution or as free ions from 
outside sources (the "granitized" granites of most petrologists); and, 

metamorphic granites of the treptomorphism subcategory would in
clude those to which special attention has just been called, i. e. those 

formed as the result of essentially isochemical metamorphism of supra

crustal rocks. 
Pro ba bly the most questionable part of the suggested classification 

is introduction of the term treptomorphism. The writer is, in general, 
opposed to introduction of new terms. This coinage has been prompted 
by three main considerations: l) no term kne·"� ·'-- him (save a few 
petrologists' usage of "metablastesis") means isochemical meta
morphism; 2) all sorts of difficulties arise if one tri es to combine terms, 
e. g., "isochemically metamorphosed granite" is certainly ambiguous; 

and 3) introduction of a new term will perhaps call attention to this 
phenomenon. Derivation is from the Greek treptos (turn or change) 
and morphe (form). The process of treptomorphism, as defined, is more 
restrictive than metamorphism in that changes in chemical environ
ment are delimited. Defined simply, treptomorphism means isochemical 
(or topo::hemical) metamorphism resulting in formation of igneoid rocks 
(i. e. it should not be referred to isochemical metamorphism resulting 
in the formation of rocks such as greenschists, in the writer's opinion, 
although this restriction may not be warranted). 

One of the readers of the original manuscript raised the question 

as to how one might prove that treptomorphism rather than, for ex
ample, recrystallization plus metasomatism took place. Generally 
speaking, this will be extremely difficult. A desirable setup might be 
the presence of granitoid layers within rocks of such metamorphic 

grade that it can be established that the incipient melting point for 
"granite" has not been exceeded and that there has been no meta

somatism. Examples of and evidence in support of what the writer 
believes are treptomorphic igneoid rocks will serve as the main subject 
of a paper now in preparation. 
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lf the classification were followed, the term granite, unmodified, 

would be strictly descriptive - in the sense defined in the nomen
clature proposal of DIETRICH and MEHNERT (1961) - a "phanero
crystalline rock that consists essentially of alkalic feldspar and quartz 
with sodic plagioclase, typically oligoclase, commonly present in 
distinctly lesser amounts that the alkalic feldspar ... etc." (And, the 
writer believes that terms such as granodiorite and adamellite also 

should be used in a similarly descriptive way.) This is far better than 
restricting the term(s) to igneous rocks with accompanying assumptions. 
as to genesis. 

Then, the terms magmatic granite, metasomatic granite, etc. would 
be employed as genetic designations by each investigator as he believes. 

appropriate. Of course, gradational types probably occur - especially 
between both the metasomatic and treptomorphic types and the mag
matic types, e. g. , by way of gradations between magmatic and plastic 
mobility which undoubtedly exist under certain temperature-pressure 
conditions. One of the chief difficulties in vol ved in distinguishing among 

these is determining whether or not even obviously once-mobile rock 
material of granitic composition did or did not have magmatic mobility 

- either magmatic mobility must be proved or plastic mobility deli
mited. Distinctions will commonly be essentially impossible. 

Therefore, compliance with the suggested classification and its 

nomenclature will lead to many rocks' remaining unclassified genetic
ally. These should be termed simply granite or granitic gneiss (etc.), 
unmodified. This, in itself, would be a big step in the right direction. 
Further, acceptance of the classification and its nomenclature would 
also have the advantage of putting former literature essentially in 
harmony with present day thinking. 

REFERENCES 

AuTRAN, A., and GuiTARD, G., 1957. Sur le granite de Mont-Louis (Pyrenees
Orientales): Ex. Bull. Soc. geol. France, 6e. Ser., pp. 245-270. 

BARTH, T. F. W., 1961. Abundance of the elements, areal averages and geo
chemical cycles: Geochim. Cosmochim. Acta, v. 23, pp. 1-8. 

BuDDINGTON, A. F., 1929. Granite phacoliths and their contact zones in the 
northwest Adirondacks: New York State Mus. Bull. 281, pp. 51-107. 

1939, Adirondack igneous rocks and their metamorphism: Geol. Soc. 
America, Mem. 7, 354 p. 



116 R. V. DIETRICH 

BUDDINGTON, A. F., 1957, Interrelated Precambrian granitic rocks northwest 
Adirondacks, New York: Bull. Geol. Soc. America, v. 68, pp. 291-
306. 

CEDERSTRoM, A., 1893. Om berggrunden på norra delen av Ornon: Geol. Foren. 
Forh., Bd. 15, pp. 103-118. 

DIETRICH, R. V., 1954. FishCreek phacolith, NorthwesternNewYork: Am. Jour. 
Sei., v. 252, pp. 513-531. 
1960. Banded gneisses of the Randesund Area, southeastern Norway: 

Norsk Geol. Tidsskr., v. 40, pp. 13-63. 
1960a. Banded gneisses: Jour. Petrology, v. l, pp. 99-120. 
and MEHNERT, K. R., 1961 Proposal for the nomenclature of migmatites 
and associated rocks: Internat. Geol. Congr., 21st Sess., Norden-Koben
havn, Proc. Sec. XIV, pp. 56-67. 

EnELMAN, N., 1949. Structural history of the eastern part of the Gulkrona Basin, 
SW. Finland: Bull. Comm. Geol. Finlande, N :o. 148, 48 p. 

ERDMANNSDORFFER, O.H., 1938. Studien im Gneisgebirge des Schwarzwaldes: 
VIII. Gneise im Linachtal: Sitz. Heidel. Akad. Wiss. Math.-naturw., 
Kl., 2, 25 p. 
1939. Studien im Gneisgebirge des Schwarzwaldes: XI. Die Rolle der 
Anatexis: Sitz. Heidel. Akad. Wiss. Math.-naturw., Kl., 7, 72 p. 
1943. Studien im Gneisgebirge des Schwarzwaldes: XIII. Uber Granit
strukturen: Sitz. Heidel. Akad. Wiss. Math.-naturw., Kl., 2. 26 p. 
1947. Beitriige zur Petrographie des Odenwaldes: Il. Die Diorite des 
Bergstriisser Odenwaldes and ihre Enstehungweise: Heidel. Beitr. zur 
Min., l. 

EsKOLA, P. E., 1933. On the differential anatexis of rocks: Bull. Comm. Geol. 
Finlande, N :o 103, pp. 12-25. 
1956. Post magnatic potash metasomatism of granite: Compt. Rend. 
Soc. Geo l. Finlande, N :o. 29, pp. 85-100. 

GAVELIN. S., 1960. On the relations between kinetometamorphism and meta
somatism in granitization: Geol. Foren. Forh., Bd. 82, pp. 230-269. 
and LuNDEGÅRDH. P. H., 1960. Development of gneisses and granites in 
Southern Sweden: XXI Internat. Geol. Congr., Guide to excurs. A28 

& C23, 36 p. 
GRINDLEY, G. W., HARRINGTON, H. J., and Woon, B. L., 1959. The Geological 

map of New Zealand, l :2,000,000: New Zealand Geol. Surv., Bull. n.s. 
66, map and 111 p. 

GUITARD, G., 1953. La structure du massif du Canigou. Aperc;u sur le meta
morphisme regional dans la zone axiale des Pyrenees Orientales: Bull. 
Soc. Geol. France, Ser. 6, t. 3, pp. 907-924. 
1955. Sur l'evolution des gneiss des Pyreneees: Bull. Soc. Geol. France, 
Ser. 6, t. 5, pp. 441-470. 
1960. Lineations, schistosite et phases de plissement durant l'orogenese 

Hercynienne dans les terrains anciens des Pyrenees orientales, leurs rela
tions avec metamorphisme et la granitisation: Bull. Soc. Geol. France, 
ser. 7, t. 2, pp. 862-887. 



BANDED GNEISSES OF EIGHT LOCALITIES 117 

GuTZWILLER, E., 1912. Injektionsgneiss aus dem Kanton Tessin: Inaug. Diss. 
Univ. Ziirich, Lausanne, 64 p. 

HARME, M., 1958. Examples of the granitization of plutonic rocks: Compt. Rend. 
Soc. Geo!. Finlande, N : o  30, pp. 45-64. 
1960. The general geological map of Finland, Sheet Bl, Turku: Geo!. 
Tutkimuslaites, 78 p. 

HOENES, D., 1940. Magmatische Tii.tigkeit, Metamorphose und Migmatitbildung 
im Grundgebirge des siidwestlichen Schwarzwaldes: Neues Jb. Min., 76, 
(Abt. A), pp. 153-256. 
1948. Petrogenese im Grundgebirge des Siidschwarzwaldes: Heide!. Beitr. 
Min. Petr., l, pp. 121-202. 
MEHNERT, K. R., and ScHNEIDERHOHN, H., 1949. Fiihrer zu Petrogra
phisch-Geologischen Exkursionen im Schwarzwald und Kaiserstuhl: 
Stuttgart, 45 p. 

HoGBOM, A. G., 1910. Zur Petrographi von Orno Hufvud: Bull. Geo!. Inst. 
Upsala, 10, pp. 149-195. 
1910a and 1912. Grundgebirge im siidlichen Schweden, Excursion C. l 

und Diskussion anliisslick der schiirenfahrt der Excursion C. l Compt. 
Rend. XI. Sess. Congr. Geo!. Int. 

HoLMQUIST, P. J., 1928. En superkrustal porfyritformation inom urberget i 
Stockholms Kustområde: Geo!. Foren. Forh., Bd. 50, pp. 19-37. 
1928a. En superkrustal porfyritserie i Stockholms kustkrakter, Vortag 
und Diskussionereferat: Geo!. Foren. Forh., Bd. 50, p. 113. 

HuBER, H. M., 1943. Physiographie und Genesis der Gesteine im siidostlichen 
Gotthardmassiv: Schweiz. Min. Petr. Mitt., 23, pp. 475-537. 

]ÅGER, E. and FAUL, H., 1959. Age measurements on same granites and gneisses 
from the Alps: Bull. Geo!. Soc. America, v. 70, pp. 1553-1558. 

LACROIX, A., 1898. Les granites des Pyrenees et ses phenomtmes de contact: 
Bull. Serv. Carte Geol. France, 64. 
1900. Les granites des Pyrenees et ses phenomtmes de contact: Deuxieme 
Mem. Bull. Serv. Carte Geol. France, Il, pp. 1-24. 

MARTIN, J. C., 1916. The pre-Cambrian rocks of the Canton quadrangle: New 
York State Mus., Bull. 185, 112 p. 

MEHNERT, K. R., 1951. Zur Frage des Stoffhaushaltes anatektischer Gesteine: 
Neues Jb. Min., Abh., 82, pp. 155-198. 
1953. Petrographie und Abfolge der Granitisation im Schwarzwald: 
Neues. Jb. Min., Abh., 85, pp. 59-140. 
1957. Petrographie und Abfolge der Granitisation im Schwarzwald. Il: 
Neues Jb. Min., Abh., 90, pp. 39-90. 
1958. Argonbestimmungen an Kaliummineralien - VI . . . . etc.: 
Geochim. Cosmochim. Acta, v. 14, pp. 105-113. 
and WILLIGALLIS, A., 1957. Zum Alkalihaushalt der Granitization im 
Schwarzwald und Hand flammenphotometrischer Rheihenanalysen: 
Neues Jb. Min., Abh., 91, pp. 104-130. 

METZ, R., and REIN, G., 1957. Geologisch-Petrographische 'Obersichtskarte des 

Siidschwarzwaldes (l :50,000): Hannover. (map). 



118 R. V. DIETRICH 

MICHEL-LEVY, A., 1879. Note sur le formation gneissique du Morvan et com
parison avec quelques au tres regions de meme nature: Bull. Soc. Geol. 
France, Ser. 3, 7, pp. 857-871. 

1887. Sur l' origine des terrains cristallins primitifs: Bull. Soc. Geo l. France, 
Ser. 3, 14, pp. 102-113. 

NIGGLI, P., 1912. Das kristalline Grundgebirge bei Laufenburg: Bd. l, Jahresbr. 
des oberrhein. geol. ver., N. f., Hft. 2, pp. 35-38. 

1954. Rocks and Mineral Deposits (English translation by R. L. PARKER): 
Freeman, San Francisco, 559 p. 

RAGUIN, E., 1938. Contribution a l'etude des gneiss des Pyrenees: Bull. Soc. 
Geol. France, ser. 5, 8, pp. 11-37. 

RoBINSON, P., 1958. The structural and metamorphic geology of the Brighton
Taieri Mouth Area, East Otago, New Zealand: Unpubl. M.Sc. thesis, 
U. Otago, 172 p. 

SAUER, A., 1893. Der Granitit von Durback in nordlichen Schwarzwalde und 
seine Grenzfazies von Glimmersyenit (Durbachit): Mitt. Bad. Geol. 
Landesanst, 2, pp. 233-276. 

SCHEUMANN, K. H., 1936. Metatexis and metablastesis: Min. Petr. Mitt., v. 48, 

pp. 402-412. 
Schweizerischen Geologischen Kommission, 1939. Geologischer Atlas der Schweiz; 

Iorio (l :25,000): No. 516 (map) with Erlauterungen by P. KNOBLAUCH 
and M. REINHARD - 88 p. 
1955. Geologische Generalkarte der Schweiz; Ticino (l :200,000): No. 7 

(map). 
SEDERHOLM, J. J., 1907. Om granit och gneiss: Bull. Comm. Geol. Finlande, 

N :o 23, 110 p. 
1934. On migmatites and associated Pre-Cambrian rocks of south
western Finland Ill.: Bull. Comm. Geol. Finlande, N : o  107, 68 p. 

SIMONEN, A., 1953. Stratigraphy and sedimentation of the Svecofennidic, 
early Archaean supracrustal rocks in Southwestern Finland: Bull. Comm. 
Geol. Finlande, N :o 160, 64 p. 
1960. Plutonic rocks of the Svecofennides in Finland: Bull. Comm. Geol. 
Finlande, N :o 189, 101 p. 

SuNmus, N., 1938. Berggrunden inom sydi:istra delen av Stockholms skargård: 
Sveriges Geol. Undersi:ik., ser. c, 419, 93 p. 
1948. Beskrivning till beggrundskarta over Stockholmstrakten . . .  etc. 
(l :50,000): Sveriges Geol. Undersok., ser. Ba. n :o 13, 98 p. and map. 

THOMPSON, J. B., Jr., 1959. Local equilibrium in metasomatic processes: in Res. 

in Geochem. (ed. by ABELSON), WILEY, New York, pp. 427-457. 

TuRNER, F. J., 1936. Interpretation of schistocity in the rocks of Otago New 
Zealand: Trans. Roy. Soc. N. Z., v. 66, pp. 201-225. 

1938. Progressive regional metamorphism in southern New Zealand: 
Geol. Mag., v. 75, pp. 160-174. 

1940. Structural petrology of the schists of eastern Otago, New Zealand: 
Am. Jour. Sei., v. 238, pp. 73-100 & 153-191. 

1941. The development of pseudo-stratification by metamorphic differ-



BANDED GNEISSES OF EIGHT LOCALITIES 119 

entiation in the schists of Otago, New Zealand: Am. Jour. Sei. , v. 239, 
pp. 1-16. 

TURNER, F. J. , 1952. "Gefugerelief" illustrated by "Schist Tor" topography in 
Central Otago, New Zealand: Am. Jour. Sei., v. 250, pp. 802-807. 

WAGER, R. , 1935. Die Schwarzwalder Gneiss: Geol. Rdsch. , 26, pp. 161-185. 
1938a. Studien im Gneisgebirge des Schwarzwaldes: IX. Uber die Kinzig
itgneise von Schenkenzell und die Syenite von Typ Erzenbach: Sitz. 

Heidel. Akad. Wiss. Math.-naturw. , Kl. , 4, 51 p. 
1938b. Studien im Gneisgebirge des Schwarzwaldes: X. Zur Kenntnis der 
Schapbachgneise, Primatrtimer und Granulite: Sitz. Heidel. Akad. Wiss. 
Math.-naturw., Kl. 5, 35 p. 

WEBER, J. , 1957. Petrographische und geologische Untersuchung des Tonalit
zuges von Melirolo-Sorico zwischen Tessintal und Commersee: Schweiz. 
Min. Petr. Mitt. , Sonder. , Bd. 37, pp. 267-398. 

WEGMANN, E. , 1935. Zur Deutung der Migmatite: Geol. Rdsch. , 26, pp. 305-350. 
and KRANCK E. H. , 1931. Beitrage zur Kenntnis der Svecofenniden in 
Finnland, I & Il: Bull. Comm. Geol. Finlande, N :o 89, 104 p. 

WENK, E. , 1936. Zur Genese der Bandergneise von Orni:i Huvud: Bull. Geol. 
Inst. Upsala, 26, pp. 53--89. 
1943. Ergebrisse und Probleme von Geftigeuntersuchungen im Verzas
catal (Tessin): Schweiz. Min. Petr. Mitt. , Bd. 23, pp. 265-294. 
1951. Bericht tiber die mineralogisch-petrographische Gesamtexkursion 
durch die Alpen: (Exkursion Bl), Schweiz. Min. Petr. Mitt., Sonder., 
Bd. 31, pp. 342-353. 
1955. Eine Struktur karte der Tessineralpen: Schweiz. Min. Petr. Mitt. , 
Sonder., Bd. 35, pp. 311-319. 
1956. Die lepontinische Gneissregion und die jungen Granite der Valle 
dela Mera: Eclogae Geol. Helvetiae, Sonder., v. 49, pp. 251. 265. 

WIMMENAUER, W., 1950. Cordieritfuhrende Gesteine im Grundgebirge des 
Schauinslandgebietes (stidlicher Mittelschwarzwald): Neues Jb. Min. 
Petr. , Bd. 80, Abt. A. pp. 375-436. 
1959. Das Grundgebirge des stidlichen Schwarzwaldes: mimeo. , 23 p. 

ZwART, H. J., 1954. La geologie du Massif du Saint-Barthelemy, Pyrenees: 
(These), Leiden, Hollande, 228 p. 

Accepted for publication October 1962 

Printed March 1963 





PLATE I 

A. Biotite gneiss, Uxbridge, Massachusetts, U.S. A. ; specimen circa 7.5 x lO cm. 

(photo - Ward's Natura! Science Est. , Inc.). 

B. "Granite" gneiss, Mount Airy, North Carolina, U. S. A. 



PLATE Il 

A. Banded gneiss, Randesund, Norway (photo - B. l\fauritz). 

B. Banded gneiss, Orno, Sweden (photo - Th. Lundqvist). 



PLATE Ill 

A. "Band ed diopside gneiss", Vihti, Olkkala, Finland (photo - M. Harme, from 

Harme, 1960, Fig. 3). 

B. Banded (leptitic) gneiss, Konala, Helsinki, Finland (pboto - l\1. Harme). 



PLATE IV 

A. "Gneiss granules" - chiefly 

recrystallized tuffs and tufface

ous rocks, Albere massif, eastern 

Pyrenees, France (photo - G. 

Guitard). 

B. Gneiss G4, "gneiss rubane", Canigou 

massif, eastern Pyrenees, France (photo -

G. Guitard). 

C. Composite gneiss, "migmatite de Codi" , Canigou massif (photo- G. Guitard). 

Although the central, light-colored material would appear possibly to have been 

derived by lateral secretion - perhaps in response to dilatency - from the sur

rounding rock, Guitard (personal communication, 1962) believes the associated 

features to support better introduction of the material. 



PLATE V 

A. "Diatectic anatexite", Aftersteg, Black Forest, Germany. 

B. "Diatectic anatexite" , Todtnau

berg, Black Forest, Germany. 

C. "Diatexite" ,  Oberried, Black 

Forest, Germany. 



PLATE VI 

A. "Laminated schist", Roxburgh, Otago, New Zealand. 

B. "Laminated schist" with banding transecting relict stratification, Roxburgh, 

Otago, New Zealand (inset photo- A.J.R. White, courtesy B.L. Wood). Relict 

bedding in main picture is parallel to hammer handle. 



PLATE VII 

A. Banded gneiss, Berzona-Vogorno road, Verzasca Valley, Ticino, Switzerland. 

B. & C. "Gneiss de Mellirolla" , Prada Valley, NE of Carena, Morobbia Valley, 

Ticino, Switzerland. (Each is a polished surface in collection of the U. of Basel. ) 



PLATE \'Ill 

A. Tabular "xenoliths" of am

phibole-rich foliated rocks in 

alaskitic gneiss, Fish Creek 

"phacolith", Bricr Hill Quad-

rangle, New York, U. S.A. 

B. Notice how the two faulted "xenoliths" 

had opposite relative movements of their seg

ments after the original movement along the 

fault surface, same location as "A". 

C. Melanocratic dike and spatially associated alaskitic gneiss and amphibole

rich foliated rock "xenoliths", same location as "A". 


