CHAPTER 2
MANTLED GNEISS DOMES
by
Paula F . Trever
PART I: A REVIEW OF THE LITERATURE

INTRODUCTION
The recognition of metamorphic rocks in the hinterland of t he
North American Cordillera was accompanied by a renewed interest in
the classic concepts of orogenic development. Did these r ocks
r epresent a classic "metamorphic core," a zone in which formerly
mobile orogenic infrastructure was raised to view (Armstrong and
Hansen, 1966; Price and Mountjoy, 1970)? As the model of the
Cordilleran "metamorphic core complex" developed, infrastructural
imagery was superseded by an emphasis on a superimposed Tertiary
mylonitic-cataclastic effect, unrelated to earlier orogenesis.
The model, as presently expounded (Davis and Coney, 1979), does
not emphasize the conclusions of local studies which indicate that
mobile behavior was necessary for the structural development of
some of the complexes (McMillan, 1973; Reesor and Moore, 1971; Fox
and others, 1977; Armstrong, 1968; Wagg, 1968).
The concept of mobilization, somewhat foreign to Cordilleran
geologists, has been reviewed by Watson (1967), who noted the
contributions of Sederholm (1926), Wegmann (1935), and Eskola (1949).
The terminology of Wegman is familiar to those who are acquainted
with the later work of Haller (1955). However, it is the work of
Eskola,with his formulation of the mantled gneiss dome concep½
that is best known to North American geologists and has the most
frequently been applied to the metamorphic terranes of the Cordillera . This chapter will provide a basis on which to assess such
usage .
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THE MANTLED GNEISS DOME OF ESKOLA (1949)
Eskola described from the Karelide (early Proterozoic) zone
of East Finland gneissic domes overlain by sedimentary strata in
which the layering was parallel to both the dome contacts and
the foliation of the gneiss. In some of the domes , the basal
layer of the mantle was a conglomerate which contained boulders of
the underlying gneiss; although in other domes, quartzite or
dolomite fo rmed the basal l ~yer. According to Eskola (p. 461):
In some domes the gneiss, or rather granite, has apparently
been preserved as it was when the sediments were deposited
upon the eroded surface of the plutonic mass. In most cases,
however, it has become migmatized and granitized during the
doming, and shows a veined structure and has a potash-rich
ideal-granitic composition, although its original composition
may have been granodioritic or quartz dioritic. In some cases
massive granites break through the domes, and at the contacts
the palingenic gneissose granite may display an intrusive
relation to the mantle ro cks .
By creating the mantled gneiss dome model, Eskola reconciled
two contradictory bodies of geologic evidence. The position of
the gneiss- sediment contact within a given domal complex at a
fairly constant stratigraphic horizon, and the occurrence of basal
conglomerate containing gneissic cobbles, supported the conclusion
that the gneiss was basement and that the gneiss-mantle contact
was an unconformity . However, banding and foliation in the outer
part of the gneiss were nearly everywhere parallel to the base
of the mantling s trata , a relationship unlike ly to result from
deposition above an unconformity. The structural concordance,
along with the presence of marginal facies of gneiss which invaded
the mantle as dikes, suggested that the gneiss had an intrusive
origin.
Eskola resolved the geologic paradox by proposing a polyorogenic history for the gneiss (p. 461):
The mantled domes apparently represent earlier granitic intrusions related to an orogenic period. The plutonic mass
was later eroded and beveled, and thereafter followed a
period of sedimentation. During a subsequent orogenic cycle
the pluton was mobilized anew and new granitic magma was injected into the plutonic rock at the same time as it was
deformed into gneiss, causing its migmatization and granitization, or palingenesis .
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The polyepisodic history of the Karelide basement has been confirmed by isotopic studies (Wetherill and others, 1962; Kouvo and
Tilton, 1966), which have yielded an array of discordant mineral
ages. The age data were interpreted by Kouvo and Tilton to indicate crystallization of the basement complex 2800-2600 m.y. ago,
followed by basement reactivation and metamorphism of the overlying
sedimentary column 1900-1800 m.y. ago.
In schematic cross-section (Fig. 2-1), Eskola centered each
mantled gneiss dome above an ancient pluton. He did not portray
an extensive gneissic basement, because he could not imagine that
such a basement "in the loci of the present domes had something
in it that made it well up and caused the granitic materials to
c0llect in domes" (p. 468). However, later experimental studies
(i.e. Ramberg, 1967a) have suggested that a low density source
layer will respond to its gravitational instability by forming a
number of discrete domes with a characteristic spacing, subject
to experimental parameters, between domes . Thus the restriction of
the term "mantled gneiss dome" to cases in which each dome is
centered on an intrusive granite, as maintained by Nicholson (1965,
p. 161-162), seems unnecessary.
Eskola did not specify that the mantling rocks be metamorphosed, although in subsequent reports of structures which conform
well to the mantled gneiss dome model, a metamorphic mantle has
emerged as a universal characteristic. The mantle may, however,
contain metavolcanic as well as metasedimentary rocks (see Johnson,
1968). Eskola's original model has also been enlarged to include
domes in which paragneiss, rather than orthogneiss, forms the core.
The Baltimore gneiss, found in Maryland, which Eskola considered to
be "surprisingly similar" (p. 470) to Karelide gneisses, is now
considered to be largely metasedimentary in origin (Hopson, 1964).
MECHANISMS
According to Eskola (p. 475-476):
In most cases the upheaval of the domes is accompanied by
granitization 1 of older granitic or dioritic intrusions, and
it seems that the rising granitic magma, as a rule of idealgranitic, potash-rich composition, has supplied the elevating
power. What, then, gives the granitic magma its power to move
upwards and to lift its cover? And what is the explanation of
the universal concentration of granitic magma in the orogenic
zones? The only answer I can find to the first question is
the lesser density of the granitic magma as compared with the
average crystalline rocks.

1Eskola regarded granitization as a process impossible without
the presence of a granitic magma.
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Figure 2-1
The history of a mantled gneiss dome, as diagrammed by Eskola
in his classic paper (1949, p. 469).
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Thus, in Eskola's mind, mantled gneiss domes were formed by the
buoyant rise of a granitic melt. He in no way envisioned the completely solid-state emplacement modeled by Ramberg (1972) or
Fletcher (1972~
The term "diapir" (Greek: to pierce) was first used by
Mrazec (1910) to describe anticlinal folds in the Carpathians in
which salt had pierced the hinge of the anticline , cutting younger
strata. Wegmann (1930) subsequently applied the term to granitic
rocks, which like the salt, were found piercing an anticlinal arch.
In recent literature, the term "diapirism" often refers to the buoyant
phenomenon which in some instances may result in piercement, rather
than to piercement itself.
Thus, Eskola and most subsequent workers have regarded the
emplacement of mantled gneiss domes as a consequence of some sort
of "diapirism," driven by a density inversion; whether the less
dense phase was in the solid or liquid state is debated, however.
Those who propose solid-state diapirism must demonstrate a density contrast between core and mantle rocks as they are presently
found. In this regard, Fletcher (1972) has argued that metamorphism of the mantling strata is not incidental to, but rather is
necessary for, dome formation . In the Rum Jungle area of northern
Australia, Stephanson and Johnson (1976) described diapiri c granites (density 2 . 67 g/cm 3 ) that pierced a metasedimentary complex
of mean density 2.77 g/cm 3 • Overlying, unmetamorphosed sediments
had a mean density of 2.55 g/cm 3 • In a similar fashion, Johnson
(1968) considered the room temperature density contrast between
granite (specific gravity 2.6-2.7 g/cm 3) and amphibolite (s.g.
3.0-3.1 g/cm 3 ) alone to be a sufficient mechanism for the formation of mantled gneiss domes in the Mozambique Belt of Rhodesia.
He noted that such domes were absent where the granite was not
overlain by the dense amphibolite. Experimentally, Ramberg
(1967a) has demonstrated that if the viscosity contrast between
lighter and denser layers exceeds 10 2 -10 3 poises, spindly structures
resembling salt diapirs form instead of bulky domes. Since the
viscosity contrast between solid rocks and granitic melt is much
greater than this figure--on the order of 10 14 poises-- Ramberg
argues for solid-state emplacement.
In addition to a dense metamorphic mantle, a considerable
time span is necessary for solid-state diapirism. Stephansson and
Johnson (1976) estimate that solid-state intrusion of granite
could be accomplished in 10-100 m.y. By Fletcher's calculations,
the viscosity of both core and mantle rocks must be reduced by
at least a thousand fold by orogenic heat flux before solid- state
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diapirism can be effective over geologic time (for instance ,
the g rowth of a dome 5 km in amplitude in 30 m.y.).
Even in a column of material which originally has a uniform
specific gravity, density instability will occur if heat from
a basal source is not distributed upward quickly enough by conduction; convective motion may thereby be induced. It has been
sugges ted that orogenic thermal gradients may permit subsolidus
convection in the crust, and that this process may be responsible
for mobilization, and ultimately homogenization, of gneissic
domes
(Talbot, 1971; denTex, 1975 ). Continental crust is considered in these models to behave as a viscous Newtonian fluid.
Convection will occur when a critical value of the dimensionless
Rayleigh number, defined by

R=(gaSd 4 ) /Kv

g= acceleration due to gravity
a= thermal expansion
S= adverse temperature gradient at
onset of convection
d= thickness of active layer
1<= thermal diffusivity
v= kinematic viscosity

is exceeded (Chandrasekhar, 1961, p.10). From the above equation,
it is seen that instability of the layer in question may be caused
either by increasing its thickness or by lowering its viscosity;
denTex (p. 71) suggests that tectonic thickening may be a prerequisite to lower crustal convection.
The most extensive experimental modeling of gravitational
instability on the geologic scale has been performed by Ramberg
(1963, 1967a, 1967b), with the aid of a centrifuge to intensify
gravitational effects. From Ramberg's studies, the archetypal
diapir emerges as mushroom-shaped (Fig. 2-2). The centrifuged
models are produced without redistribution at the upper surface,
in contrast to the theoretical model of Fletcher (1972), which
assumes that erosion and redeposition keep the upper surface
perfectly plane. A mathematical model invoking redistribution
produces a simple dome without a "mushroom head" (Fletcher, p. 208).
Another modification of the Ramberg model has been suggested by
Talbot (1974), who predicts that if the original interface between
light and dense layers is inclined rather than horizontal , an asymmetric, nappe-like structure will be produced in preference to the
symmetrical mushroom structure (Fig. 2-3).
Dixon (1975) conducted similar experimental studies, but was
able to quantitatively monitor finite strain by a construction
method equivalent to building the model of initially square 1-rnm
elements. Dixon found that in the mantling rocks, the greatest
strain was at all times a horizontal stretching above the rising
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Figure 2-2 .

A.

Geometric features typical of domes produced in the
centrifuged models of Ramberg(1966, 1967, 1970).
Figure depicts the marginal sink or. rim syncline
(arrows), the trunk region (T) , and the hat (H) of
the dome (from Ramberg, 1970).
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Figure 2-3.

Stages in the deveolopment of gravity structures.
Structures were formed from originally horizontal (A)
and inlined (B) interfaces between fluids with unstable
density arrangements (Talbot, 1974).
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diapir, averaging 4:1 at first, but reaching a value as high as
60:1 (Fig. 2-4); such an observation is compatible with the purely
mathematical result obtained by Fletcher (1972, p. 206) .
Ramsay (1967) presents two alternatives to gravitational
instability for the mechanism of mantled gneiss dome formation.
First he suggests that such domes may result from compressive
strain "acting in all directions," causing the basement-cover
contact, because of the viscosity contrast across it (basement
assumed to have higher viscosity), to be deformed into a series
of pinched synclines and more gentle anticlines, analogous to
smaller-scale mullion structures. Secondly, he proposes (p. 521524) that mantled gneiss dome terrains may represent areas of
superimposed folding characterized by a Type 1 interference
pattern (egg carton pattern). In either case, domes are interpreted as somewhat fortuitous by-products of one or more episodes of
tangential compression rather than as sites of active vertical
upwelling. Hobbs, Means, and Williams (1976, p. 430) suggest
that compressive force s and processes of gravitational instability
may operate synchronously. According to Kranck (1972, p. 18-19):
It must be emphasized that even if gravitational buoyancy
is the principal cause of the rise of diapirs, there is often
a close connection between diapirs and axial deformation.
Evaporite diapirs may form along the crest of an anticline,
as is the case on Axel Heiberg island and other regions
(Kranck, 1963), and in particular, migmatite naps aregenerally
formed by an interaction between tangential and gravitation
forces.
SURVEY OF REGIONAL LITERATURE
This section will attempt to present a composite description
of mantled gneiss domes, as compiled from local studies. In most
instances, the structures included in the survey were explicitly
attributed to the mantled gneiss dome model of Eskola by the local
geologist; although in some cases, the structures were identified
as mantled gneiss domes by authors with only a literary knowledge
of the area in question. Russian geologists have developed an
independent literature on gneiss domes (see Kalyayev, 1970, Pavlova,
1972, Salop, 1972); it is therefore uncertain whether structures
termed "gneiss domes" by them in all cases conform to the model of
Eskola, but a number are included in this review.
Geometry
Gneiss domes may be circular in plan, but are often elongated
parallel to the tectonic grain of the region, so that their geometry is actually that of a doubly plunging antiform, or
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Figure2-4
Contours of the values of maximum principal extension in two
model domes of different amplitudes, produced by Dixon (1975,
p. 98, 101). Heavy stipple= values greater than 4.00.
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"brachyanticline", to use a translated Russian term. Gneiss domes
rarely occur singly, but are found in clusters or "herds", as
Pavlosky (1970) described the many small domes of the Ukrainian
Shield. In the Karelide zone described by Eskola there are
approximately two dozen domes (Sal op, 1972). Often the domes
form a linear array, coinciding with a regional arch. According
to Brun (1980), the Karelian mantled gneiss domes cluster along
nine ridges, oriented NNE- SSW to NE-SW, and separated by a periodic
spacing.
Fletcher (1972, p. 200) reported that preliminary measurements of a few tens of mantled gneiss domes in the Appalachians
and Caledonides yielded an average nearest neighbor spacing between domes of 25 + 5 km; this compares with a figure of 10 km,
reported by Fletcher from the Gulf Coast salt dome field. denTex
(1975) reported that 5 subdome structures within the Lepontine
gneiss region of Switzerland were regularly spaced at approximately
25 km. Spacing between 10 domes in the Pyrenees is also roughly
25 km (Zwart, 1968). The domes of the Shuswap Complex of British
Columbia occur at somewhat larger intervals of 40-50 km (Reesor,
1970). Gneiss domes range in diameter from several km to several
tens of km; Salop (1972) reported that a different type of gneissic structure, termed "folded gneiss oval" by him, was typically
much larger, ranging from 80 km to 800 km in diameter.
The essential geometry of a mantled gneiss dome consists of a
polycyclic, crystalline core, and a stratified, metamorphosed
mantle . In some structural studies, an outer zone of lessmetamorphosed or less-deformed rocks ("fringe zone" of Reesor and
Moore, 1971, " envelope" of Brun, 1977) may be distinguished from
high-grade metamorphic rocks adjacent to the core. Core rocks
may have either a sedimentary or igneous heritage , but a polyepisodic history should be demonstrable; isotopic studies may be
useful in this regard. However, radiometric discordance, in the
absence of field evidence for basement mobility following deposition ofa cover sequence, is insufficient to identify a mantled
gneiss dome (se~ for example,Lanphere and others, 1964).
Late-stage granitic intrusions which transgress the basementcover unconformity are often leucocratic, and commonly display a
two-mica composition (Gunpowder Granite, Hopson, 1964; Guilford
dome stock, Skehan, 1961). Didier and Lameyre (1969) have suggested that such leucogranites may result from anatexis at minimum
melting conditions, and it seems possible that these plutons
within mantled gneiss domes represent in situ melting of the basement complex. The frequent occurrence of migmatites, attributed
by Winkler (1974) to early-stage anatexis, in mantled gneiss domes
indicates that P-T conditions close to those necessary for partial
melting were attained in many dome cores.
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Metamorphism
In many instances mantled gneiss domes coincide with thermal
domes defined by metamorphic isograds. Maximum metamorphic grade
varies from complex to complex, but is generally within the almandine-amphibolite facies. Sillimanite, which occurs in the high
temperature sub-regions of this facies, is frequently--but not
always--present.
The metamorphic assemblages of most mantled gneiss domes are
suggestive of deep-seated metamorphism. Fletcher (p . 200) has
suggested that 25-35 km is an appropriate thickness for mantle
rocks prior to dome formation in New England. Similar figures
have been proposed for the Baltimore gneiss domes (Hopson, 1964)
and for the Caledonide domes of Norway (Ramberg, 1967a). denTex
(1975) suggests a depth of burial for the Agout dome of France of
15-19 km, and for the Lepontine massif of Switzerland, 15-26 km.
Metamorphic grade often decreases rapidly outward from the
core; isograds are frequently telescoped and the abnormally high
geothermal gradients calculated from such isograd patterns (for
instance, 200°-300°C/km, denTex, 1975, p. 64) are quite problematic. As denTex notes, the frequently used model in which radioactive decay is the principal heat source and conductivity the
exclusive transfer mechanism fails in this instance because it
predicts that the spacing of isograds will increase with depth,
as the column of underlying, highly radioactive, granitic material
is decreased. A number of alternative schemes have therefore
been proposed to explain the juxtaposition of high-grade core rocks
with low-grade mantle rocks over relatively short distances.
Among them:
1)

Low temperature "granitization" of the core.

2)

Diachronous metamorphism. Brown (1978) iterates the
viewpoint that the core of the St. Malo massif, France,
was migmatized prior to the deposition of the mantling
strata and that the low-grade metasediments of the Brioverian succession were later brought into contact with
the high-grade core by faulting.

3)

Heating by a subjacent magma body.

4)

"The basement effect," Fonteilles and Guitard (1968)
have proposed "l'effet de socle"--the basement effect-in order to explain telescoped isograds around gneiss
domes in the Pyrenees. Among other factors, this hypothesis considers that mantling strata undergoing metamorphism are subject to endothermic reactions involving
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dehydration; "dry" basement is presumably immune to such
reactions, and this contrast serves to steepen geothermal
gradients in the vicinity of the core- mantle boundary.
5)

Convective/conductive heat transfer. denTex (1975), following Talbot (1971), hypothesizes that the charact eristic orientation of foliations in a mantled gneiss domenear-horizontal in the upper portion and near-vertical
in the trunk zone--may encourage a combination of
convective and conductive heat transfer that concentrates
heat in the upper portion of the dome.

6)

Attenuation of mantling strata around a rising dome.
Examination of the experimentally produced diagrams of
Dixon (Fig. 2- 4) suggests that mantling strata will be
severely attenuated above a rising diapir. This feature
of dome formation may be sufficient in itself to explain
the telescoped isograds found around mantled gneiss domes.
Structure

Foliation in the core and mantle rocks of mantled gneiss domes
generally dips outward from the culmination of the dome. Where
the "rim syncline" of Ramberg is well developed, dips may be locally overturned. As in the structures described by Eskola, these
foliations are most often concordant with each other and with the
core-mantle contact, although local truncation of basement foliation is occasionally reported (Sims and Peterman, 1976). The zone
of concordance is often quite small, however, and the central part
of the core may be undeformed, as Eskola himself noted (p. 462),
or it may exhibit an older, discordant foliation.
The mantling rocks above the crest of the dome are expected
to lie in a domain of subequal extension in all directions, which
may be reflected by horizontal foliation in the mantling strata,
and polygonal boudinage of competent units (Fletcher, 1972, p. 209).
Boudinage is indeed quite common in mantlir..g rocks; Pavlova (1972)
describes from the domes of west central Kazakhstan boudinage which
has "developed on a background of folding," In some cases, the
ductility contrast between different strata in the mantle may
cause boudinage and lithologic differentiation on a scale larger
than that of a single outcrop. Adjacent to the Baltimore gneiss
domes, the incompetent Cockeysville Marble is frequently thinner
and missing. According to Choquette (1960, p. 1032):
The reason for these pinch outs is uncertain, but they occur
within such short distances that they may be str uctural
rather than stratigraphic, mainly because of flowing induced
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by differential movement over the gneiss domes. Direct
evidence that the carbonate rocks were extremely mobile lies
in the flowage and drag folds found at almost every outcrop
in the area.
The extensional environment is often dramatically demonstrated by deformed c lasts within basal conglomerate units. In some
cases, the principal elongation of stretched pebbles is parallel
to a prominent mineral lineation in the dome (Sinitsa, 1965).
Mineral lineation may be fairly constant in orientation
within an individual dome or even from dome to dome, within a
regional cluster. Escher and Pulvertaft (1976) compared the constancy of a biotite lineation in the mantling formation of domes
in West Greenland (Umanak area) to the wide dispersion of major
and minor fold axes. Brun (1980) noted a "surprisingly regular"
NE-SW trend of lineation in all the domes of the classic Karelide
region, and surmised that gravitationally- controlled deformation
had been accompanied by regional, compressive stress .
Reverse drag folds--"spruce tree folds"--are often reported
in the mantle rocks in the region of the dome flanks. They have
been described as "the most characteristic minor structure observed
in the mantling rocks of natural domes" by Fletcher (1972, p. 208),
who ci t es the work of Skehan (1961) on the gneiss domes of Vermont.
Reverse drag folds have also been described from domes in the East
Ural anticlinorium by Chesnokov (1966), who, like Skehan, attributes their development to the predominance of vertically directed
forces over tangential compression during the diapiric rise of the
domes. Wheeler (1965, p. 19) attributed "fir-tree folds" in the
gneisses on the west side of Frenchman's Cap dome (Shuswap Complex)
t o the "diapiric movement of the central part of the dome•"
Escher and Pulvertaft have described (1976, p. 113), within
the strata which mantle West Greenland gneiss domes, refolded
"zig- zag" f olds, "thought to be gravity-induced structures which
slid off the slopes created by the rising domes."
The most critical structural horizon in the mantled gneiss
dome is the core-mantle interface . As Watson (1967) points out,
the ancient unconformity provides an important datum plane of
known initial orientation (broadly horizontal) between rock
types of fundamentally different mechanical properties; thus the
present configuration of this surface provides insight into the
nature of "mobilization." Reesor and Moore (1971) state that the
core-mantle boundary of the Thor-Odin dome, British Columbia, was
first deformed into large folds thousands of feet in amplitude and
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several miles in extent and then refolded by the diapiric rise
of the core zone as a whole.
Although the ancient unconformity may demonstrate extremely
ductile transformation, it is also freq uently the locus of intense
shearing and cataclasis. The foliation developed at the periphery
of the core is regarded by several authors as cataclastic in origin . Johnson (1968, p. 250) noted that development of augengneiss
from the porphyritic granite of the Chirwa Intrusion, Rhodesia
begins 500 ft from the outer contact of the granite: "At the edge
of the granite, the phenocrysts become lenticular and, along thin
but extensive foliae of biotite, the rocks become fissile," Biot ite enri chment and well-developed gneissosity at the boundary of
the core zone is also described from domes in the Mackenzie District by Frith and Leatherbarrow (1975). Mallick (1967) states
that zones of intense shearing skirting the Mpande dome in Zambia
appear to have a mineralogy similar to that of the core gneisses,
but are strongly enriched in biotite. He describes a transition
from massive core rocks to schistose gneisses, in which biotite
clusters become drawn out, and quartz and plagioclase are reduced
to g roups of small equant grains. According to Sinitsa (1965,
p. 60), in the Kuotmar dome of the Transbaikal, the core granite
has experienced "marked alteration (cataclasis and mylonitization) in relatively narrow (2 to 4 km) zones around the dome, where
Jurrassic rocks are also foliated , "
Most authors find the cataclastic margins of the domal complexes compatible with the waning stages of mobile behavior. Describing the classic Karelide zone, Salop (1972, p. 1220) s t ates:
It should be noted that the presence of zones of blastomylonites at the contacts of crystalline basement and metamorphic beds in many domes of northern Ladoga caused some
investigators (Sudovikov, 1954) to conclude that disruptive
dislocations played a leading role in the formation of domes
and the peculiar horst character of the structures . Our
observations do not enable us to agree with this point of
view, but are indicative of a generally plastic character
of deformation at the dome formation. The presence of blastomylonites is most often relateQ to locally poor mobilization of the material of the basement, and in some cases with
subsequent tectonic shifts along contacts.
Several excellent studies of structural zonation within
mantled gneiss domes have been published (Brun, 1977; Reesor and
Moore, 1971). Brun bas recognized "une opposition constrictionaplatissement," in which the structural trends within the gneiss
dome reflect a regime of constriction at the center of the domeand
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one of flattening at the periphery, This relationship is compatible with the experimental studies of Dixon (1975) and has
also been noted by Johnson (1968) for the major deformation affecting the Chirwa dome, Rhodesia .
Some generalizations can also be made about the structural
chronology of mantled gneiss domes. The first deformational
event typically produces recumbent isoclinal folding and beddingplane foliation (Brun, 1977; Mallick, 1967); bedding may be transposed, Large- scale infolding of the core- mantle boundary as
described by Reesor and Moore,may occur at this time, Chesnokov
(1966) states that normal drag folds are characteristic of this
deformational phase while reverse drag folds typically develop
later. Later folds are also generally upright rather than
recumcent.
Dome formation is subsequent to this first phase; it also
generally postdates the climax of metamorphism, as in the case
of the Ntungamo gneiss dome (Nicholson, 1965). According to Read
and Watson (1975, p. 138), in the Copperbelt of Zambia, tight
folds and dislocations in the cover are earlier than the rise of
the domes. Cataclasis and shearing along the margins of the dome,
attributed by many authors to the final phases of dome formation,
are late-stage events .
The polyphase evolution of a diapiric structure, Stephans
and Johnson have cautioned, may lead some workers to incorrectly
assume several temporally distinct periods of regional deformation.
Mineralization
Several types of economic mineralization occur in thevicinity
of mantled gneiss domes (see Chapter 4). One c lass of deposits is
associated with the younger intrusions of the domes, and includes
cont act metasomatic deposits and pegmatite deposits which might
develop in relation to granitic plutons, independent of the gneiss
dome setting. The dolomitic skarns of the classic Pitkaranta dome,
in which Eskola (1949, p. 463) reported "numerous deposits of
chalcopyrite, sphalerite, galena, cassiterite and magnetite,"
probably belong to this class . Tourmalinization, commonly described in the strata above the core gneiss, may reflect metasomatism induced by volatiles migrating away from young granitic
liquids.
Other deposits seem to be linked to recycling processes
which are unique to the gneiss dome environment. The historical
sequence which results in the formation of a mantled gneiss dome
may in some instances effectively concentrate elements which are
only slightly enriched in the original basement . The rich uranium
deposits of the Alligator Rivers area of northern Australia are
a possible example. Many of the major orebodies of the region are
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stratabound in the Lower Proterozoic Cahill Formation, a cover
sequence which has been complexly infolded between a gneiss dome
and a migmatite complex (Needham and Stuart-Smith, 1976). The
ultimate source of uranium in the Alligator Rivers area is thought
to be the Archean basement; analyses of the Nanambu Complex gneiss
have averaged 5 ppm U, slightly greater than typical values for
granitic rocks. A first stage of concentration probably occurred
during the deposition of the Cahill Formation under reducing conditions. The sedimentary ores thus formed were then reconstituted and further concentrated during a period of basement
reactivation which occurred ~1800 m.y. ago. The role of near-surface
processes.in mineralization is controversial, but may have been substantial.
The Rum Jungle area to the west of Alligator Rivers seems to
have a similar pattern of ore genesis. According to Stephansson
and Johnson (1976, p. 184), "the diapiric emplacement of granites
provided a possible energy source to remobilize and concentrate
base metal, copper, and uranium ore." The copper and uranium
deposits of the Zambian Copperbelt may also fall into the category
of syngenetic, sedimentary ores which have been redistributed
during the formation of mantled gneiss domes. The proposed "consanguineous" (=syngenetic) origin for the Passagem de Mariana
gold deposit, Brazil, situated on the margin of the Bacao gneiss
complex (Fleischer and Routhier, 1973, 1974), raises the possibility that this area too has benefitted from polycyclic concentration of ore.
Metamorphic concentration associated with gneiss dome formation can apparently operate on volcanogenic, as well as
sedimentary, mineralization in the mantle. Il'ina (1977, p. 333)
has described gneiss domes in central Karelia, mantled by basic
metavolcanics and amphibolites: "The widely disseminated sulfide
mineralization of the basic rocks in all probability, serves as
the original material from which the formation of high concentrations of ores is possible under the influence of metamorphism" .
The mantled gneiss dome setting may also permit the concentration of metals via anatectic melting. The primary mineralization at the Rossing uranium deposit, Namibia, may exemplify this
process. The Rossing deposit is located on the southwest flank
of a gneiss dome, where low-grade uranium mineralization is disseminated in alaskitic permatites which intrude the metasedimentary mantle. The protore of these deposits is most likely the
core gneiss (Jacob, 1974). Anatexis to yield uraniferous melts
may have involved lower sedimentary units, as well as the gneiss
itself; therefore, sedimentary processing of uranium may have
contri buted to its present conc entrations at Rossing (Nishimori
and others, 1977).
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Uranium mineralization in the Bancroft District, Ontario is
in many ways analogous to that at Rossing, being associated with
pegmatite swarms marginal to mantled gneiss domes (Little and
others, 1972) . The distribution of mineralization in both the
Rossing and the Bancroft deposits is consistent with the observation of Nedashkovskiy (1976, p. 222), who investigated
geochemical zonation in the vicinity of two Siberian gneiss domes:
"The highest concentration of lithophile elements occurs in displaced granite melts above domes,"
Finally, mantled gneiss domes may contain structural horizons
which are favorable to later, post-tectonic mineralization . A
dome in southern Primor ' ye on the east coast of the Soviet Union
apparently hosts a post-tectonic gold deposit (Epshteyn, 1969);
gold is largely confined to the dome core, and tends to be concentrated along the core- mantle interface.
Spatial and Temporal Distribution
The mantled gneiss domes reviewed by this survey are plotted
in Figure 15. Fletcher (1972, p . 197) states that gneiss domes
"have joined nappes and overthrusts as important elements in the
tectonics of orogenic terranes." Dixon (1955, p. 89) callsmantled
gneiss domes an important structural feature of the core zone
of orogenic belts and, ' in similar fashion, Salop (1972, p. 1219)
states that they are found in almost all folded complexes, although
"their significance in tectonic structures of different ages is
highly varied." As illustrated in Figure 2- 5, mantled gneiss
domes have been reported to occur on all continents.
Although early Archean structures have sometimes been referred
to the mantled gneiss dome model (Lowman, 1976, p. 21), they
have generally been excluded from this compilation. The numerous
granitic plutons invading Archean greenstone belts, causing the
"gregarious batholith" pattern described from the Rhodesian craton
by MacGregor (1951), are often considered as diapirs, but it is
now doubted that they represent rejuvenation or remelting of older
sialic crust (Glikson, 1972; Arth and Barker, 1976; Barker and
Arth, 1976). The classic mantled gneiss domes of Eskola are of
Proterozoic age, and Salop (1972) regards such structures to have
been most prominent during this time span, and especially characteristic of the early Proterozoic. He believes that Phanerozoic
mantled gneiss domes are of restricted occurrence and that their
"dying-off" is a reflection of "sclerosis" of the earth's crust
over time.
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CONCLUDING REMARKS:

MANTLED GNEISS DOMES AND

METAMORPHIC CORE COMPLEXES
Because Cordilleran metamorphic core complexes have widely
varied pre- Tertiary histories, one cannot appraise, in a general
way, their similarity to mantled gneiss domes. Each complex
must be individually assessed on the basis of the material presented in the other reports, and in this report.
One may remark, however, that most of the mantled gneiss
domes presented in Appendices I and II are linked, at least
circumstantially, to a collisonal tectonic setting: gneiss domes
are ubiquitous near Precambrian sutures, and within the core
zones of Caledonide and Hercynian orogens. In addition, none
have yet been identified within the South American Cordillera. It
seems appropriate to reiterate at this point denTex ' s suggestion
that crustal thickening is a necessary precursor to subsolidus
convection. This factor, or some other, may serve to limit
gneiss dome formation to collisional environments .
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PART II: DESCRIPTIONS OF INDIVIDUAL AREAS
NORTH AMERICA
1. Uchi Subprovince, Ontario. Guided by conspicuous ovoid
magnetic anomalies, Breaks and others, (1974), delineated three
gneiss domes in the Uchi Subprovince of Ontario.
The cores of
the domes consist of foliated trondhjemite, and they are mantled
by metavolcanic amphibolite intercalated with biotite quartzofeldspathic gneiss and biotite trondhj.emitic gneiss. Numerous
stocks and dikes of unmetamorphosed leucocratic quartz monzonite
intrude the dome rocks, and, in many areas, have obliterated the
original core-mantle relations. Thurston and Breaks (1978) have
interpreted the core gneiss as ancient sialic basement onto which
mafic lavas were extruded, in the time period 2960- 2740 m.y. They
believe that the resulting density inversion caused a gravitydriven deformation which was characterized by northward verging
nappes, akin to the "pleurotoid" diapirs of Talbot (1974).
2. Emile River, Northwest Territory. Several gneiss domes
were described in the Arseno Lake map area near Emile River by
Frith and Leatherbarrow (1975), and a polymetamorphic evolution
of the area was subsequently confirmed by the isotopic determinations of Frith and others, (1977). Slightly foliated granitic
gneiss occupies the dome cores, and is encircled by migmatized
sediments of the Proterozoic Snare Group . The core gneiss of the
"Amoeba" Lake dome has yielded a Rb-Sr whole rock isochron of
2712 m.y., thought to represent its absolute age; and undeformed
alaskitic pegmatite has yielded an isochron of 1808 m.y. The
domes are within 15 km of the boundary between the Bear and Slave
provinces, and are believed to have formed during a compressional
event along this boundary, which culminated 1900 m.y. ago (Frith,
1978).
3. Watersmeet, Northern Michigan . The geochronology of the
Watersmeet gneiss dome (Sims and Peterman, 1976) is quite similar
to that of the Emile River domes. According to Sims and Peterman,
who conducted Rb-Sr isotopic studies, the feldspathic augen gneisses and biotite quartzofeldspathic gneisses which now outcrop in
the core of the dome were formed at least 2600 m.y. ago. Following deposition of the iron-bearing sediments of the Marquette
Supergroup (Precambrian X), these gneisses were reactivated to
form a mantled gneiss dome, approximately 1800 m.y. ago. The
dome now lies within the garnet isograd, and is the centen of a
metamorphic node, as defined by James (1955).
4. Bancroft District, Ontario. Hewitt (1957) described a
series of four mantled gneiss domes at the southern end of the
Hastings- Haliburton Highlands. The gneiss complexes are composed
of hybrid granite gneiss with migmatites, pink leucogranite gneiss
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and granitic pegmatites. The mantle assemblage consists of marble,
paragneiss, and amphibolites of the Grenville Group (early Helikian, Stockwell and others, 1968). Pegmatite dikes occur in
swarms which are concordant with the enclosing metamorphic strata,
and are associated with the major uranium mineralization of the
Bancroft District. The absolute age of uraninite from the district has been estimated at 1060-1020 m.y. (Little and others,
1972), and dome formation is presumably an effect of the Grenville
orogeny. Isotopic investigations, however, have thus failed to
detect an ancient pre-Grenville heritage in the granitic rocks
(Silver and Lumbers, 1965).
5. Adirondack Inlier, New York. Marbles, amphibolites and
other metasedimentary rocks of the Grenville Series also occur in
the Precambrian inlier of the Adirondack Mountains, New York,
where they are associated with anorthosite, and related gneisses .
The anorthositeand gneisses have traditionally been regarded as
intrusive into the Grenville Series, but deWaard and Walton (1967)
have argued that in some localities, these rocks occupy the cores
of mantled gneiss domes and nappes. They have suggested that the
anorthosite and gneisses belong to a pre-Grenville basement
which was severel y deformed during the Grenville orogeny.
6. El Oro, North-Central New Mexico. The El Oro gneis s dome recen tly defined by Budding and Cepeda (1979), is an elongated, doub l y
plunging struc ture which contains in its core locally migmatitic,
mica gneiss. Budding and Cepeda consider the gneiss to be metasedimentary, but do not rule out an origin from felsic volcanic rocks.
The mantle, which exhibits upper amphibolite facies mineral assemblages, consists of mica schist, impure marble, amphibolite and
quartzite. The contact between the gneiss and mica schist is gradational. Structral analysis has demonstrated multiple deformations in
the gneiss, but geochronological data for the area is absent. Budding
and Cepeda explicitly refer the structure at El Oro to the classic
mantled gneiss dome model, but their description of the El Oro dome,
as it stands, falls short of convincing. A former nonconformity
apparently cannot be demonstrated at the present core-mantle contact, and it seems possible that the gneiss and s ch ist represent
a conformable supracrustal sequence which was recrystallized
during a single metamorphic event.
7. Connecticut Valley Synclinorium, New England. Slightly
west of the trough of the Connecticut Valley Synclinorium is a
series of seven domes (Rodgers, 1970; Skehan, 1961); the northern
six are in the state of Vermont, while the southernmost is in
Connecticut. The five southern domes expose cores of paragneiss
and felsic metavolcanics, rocks which are probably Precambrian
in age. Surrounding these domes is the Lower Paleozoic synclinerial sequence, essentially complete but greatly thinned . The
two northern domes do not expose rocks below a limestone-phyllite
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unit in the upper one third of the sedimentary sequence, but
gravity surveys suggest that gneissic cores are present in the
subsurface (Bean, 1953). Granites cross- cutting the gneisses
are uncommon in the Connecticut Valley domes, but a stock of
muscovite-biotite granite is present in the Guilford dome,
southern Vermont. A regional maximum in metamorphic grade coincides with the line of domes. The age of the principal deformation in the Connecticut Valley Synclinorium is stratigraphically
constrained to a period between the Early Devonian and the Late
Carboniferous; dome formation is therefore considered an Acadian
event.
8. Bronson Hill Syniclinorium, New England. About 20 droplike domes are aligned along the Bronson Hill Anticlinorium of
New Hampshire, Massachusets, and Connecticut. Granitoid rocks of
the Oliverian plutonic series form the cores of the domes; these
are commonly, but not invariably gneissic. Adjacent to the gneiss
in most domes are the Ammonoosuc metavolcanics of Ordovician age.
Overlying Ordovician strata are variable, but rusty slates to
schists are typical. These rocks are unconformably overlain by a
thick Silurian-Lower Devonian elastic sequence, with a quartzite
at its base. The Oliverian granitic rocks were long considered,
following Billings (1956), to be concordant Devonian intrusions.
However, Naylor (1969) has in recent years described postAmmonoosuc granite, unconformably overlain by Silurian quartzite,
and dated at 440 and 450 m. y.; yet more recently, Hills and Dasch
(1971) have recovered an Avalonian (616 m.y.) date from one of
the core granites . It therefore seems likely that the Oliverian
Series includes rocks of several origins.
The structural complexity of the Oliverian domes is formidable; the domes deform older nappe structures and have themselves
mushroomed and overridden each other. Exotic, tongue-shaped
lobes characterize structure sections through the domes (Thompson
and others, 1968).
9. Baltimore-Washington Anticlinorium. The Baltimore Gneiss
outcrops in seven domes which are localized along a regional
structure, the Baltimore-Washington Anticlinorium (Broedel, 1937;
Hopson, 1964). The formation includes coarse augen gneiss and
granitic gneiss, as well as more extensive veined gneiss and migmatites. The late Precambrian Glenarm Series mantles the gneiss
domes, and includes quartzites, feldspathic mica schist, marble
and pelitic schist. Younger intrusions transgress the gneissmetasediment contact; the two-mica Gunpowder Granite is described
by Hopson (p. 47) as "a rheomorphic offshoot of the Baltimore
Gneiss ."
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U-Pb measurements on zircon and whole-rock Rb-Sr analyses
give consistent ages of 1050 m.y. for the Baltimore Gneiss. Dome
formation is assumed to have been essentially complete by 425
m.y., the Rb-Sr age of post-Glenarm pegmatite swarms (Wetherill
and others, 1966). The metasedimentary rocks yield a scatter
of K/Ar mineral ages of 350-300 m.y., which is interpreted as a
relic of gradual cooling.
10 . Shuswap Complex, British Columbia. The Shuswap Metamorphic Complex, situated in the core zone of the Canadian Cordiller~
contains three domal outcrops of gneiss on its eastern margin:
(from N to S) Frenchman's Cap, Thor-Odin and Valhalla gneiss
domes (Reesor, 1970). A fourth domal structure in the Pinnacle
Peaks region appears to represent a stratigraphic level higher
than that of the core gneiss. Much of the granitoid core gneiss
of the Shuswap domes is of metasedimentary origin, and in the
recent past was considered as migmatized Windermere Group (late
Proterozoic). The mantling zone, which consists of quartzite,
marble, and pelitic, psammitic and calc-silicate gneiss, was
regarded as equivalent to a lower Cambrian sequence (Reesor and
Moore, 1971). Older Precambrian basement was not recognized,
and the core-mantle interface was assumed to be the boundary of
a "migmatite front," which had been halted at a resistant stratigraphic horizon. High-grade metamorphism, and the rise of the
migmatite front was thought to have accompanied Columbian orogeny.
However, geological interpretations of the Shuswap Complex
are presently being revised. Wanless and Reesor (1975) reported
1.96 b.y. -old zircon from a granodiorite gneiss in the ThorOdin dome;
orthogneisses from Frenchman's Cap dome have
yielded Rb-Sr ages of 2.1 b.y. (Brown, 1980). Paragneisses from
four Frenchman's Cap localities have also produced Aphebian RbSr ages . The mantling zone may therefore correlate with the Proterozoic Purcell Group (Brown, 1980; Read, 1980). The age of
the main metamorphic stage in the complex is still considered
Late Jurassic (Columbian), but an Eocene thermal overprint is
also recognized (Medford, 1975). Read (1980) has argued that the
Frenchman's Cap and Thor-Odin complexes are not domal in crosssection, but rather exhibit nappe geometries. According to Read
(p. 19): "The nappe structure, lack of diapirism, and noncoincidence of thermal culminations with extensive areas of core
gneiss do not support a gneiss dome concept."
GREENLAND
11. Rinkian Mobile Belt, West Greenland. Escher and
Pulvertaft (1976) have distinguished a distinct tectonic province
in the Precambrian terrane of West Greenland, north of Jacostavn,
the Rinkian mobile belt, in which the most obvious structures are
large gneiss domes. Gneiss domes were first described in the
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Umanak area by Henderson (1969). Outcropping in the dome cores is
the Umanak Formation, consisting largely of biotite- or biotite
hornblende-gneiss, with at least some metasedimentary horizons.
Overlying the gneiss are the supracrustal rocks of the Karrat
Group, which comprises a lower, dominantly quartzitic formation
and an upper formation, the Nukavsak, largely semipelitic and
pelitic schists. In spite of the transitional character of the
gneiss-sediment boundary over most of the area, and the absence
of observable discordance between the Umanak Gneiss and the Karrat Group, Henderson has convincingly argued that the gneisses
have a basement-cover relationship with Karrat Group sediments.
Metamorphic grade in the Karrat Group clearly increases with
proximity to gneissic core8. The Umanak gneisses are considered
to be Archean by Escher and Pulvertaft; biotite from the gneiss
has yielded a K/Ar· date of 1790 m.y., presumably a metamorphic
age. Two schist samples from the Karrat Group yielded K/Ar ages
of 1700 m.y., and biotite from a pegmatite in the gneiss was
dated at 1690 m. y.
South of the Umanak area, Escher and Pulvertaft have recognized another large gneiss dome, the Talorssuit. Core and mantle
sequences at Talorssuit are lithologically similar to those at
Umanak, except that metavolcanic rocks constitute an important part
of the Talorssuit mantle. A feature unique to the Talorssuit
dome is a huge granitic sheet, developed along the contact between
the younger supracrustal rocks and the basement rocks. The western flank of the dome is strongly overturned and the resulting
nappe-like structure exhibits a maximum overlap of 12 km.
12 . Central Metamorphic Belt, East Greenl and Caledonides.
The well known structural synthesis of the Central Metamorphic
Belt by Haller (1955) involved a superstructural mantle of gently
folded metasediments, an infrastructure rendered highly mobile
by a rising migmatite front, and a zone of detachment between
the two levels. Upwellings of the migmatitic infrastructure
formed bulges which Haller classified as domes, foreheads, sheets
and mushrooms. The superstructure was presumed to contain the
metamorphosed equivalents of the Elsonore Bay Group (late
Precambrian-Ordovician) and mobilization was considered to be a
Caledonian phenomenon. Recent radiometric studies have suggested
that basement of the Central Metamorphic Belt dates from the
Archean (3000-2500 m.y.; Henriksen and Higgins, 1976). However,
these studies also indicate that the metamorphosed supracrustal
sequence is older than the Elsonore Bay Group, and that a preCaledonide, middle Proterozoic orogeny probably affected the
area. Some of the structures formerly ascribed to a single
episode of migmatitic upwelling may therefore be the result of
superposed deformations of widely different ages.
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SOUTH AMERICA
13. Bacao Complex, Quadrilatero Ferr!fero, Minas Gerais,
Brazil. The Bacao complex in the Quadrilatero Ferrifero contains
in its core a weakly foliated granodiorite which has been dated
at 2440 m.y. (K/Ar, biotite ; Herz and others, 1961). The granodiorite is surrounded by the well-foliated Itabirito granite, dated
at 1340 m.y . The Itabirito granite is in turn enclosed by metasedimentary rocks which probably belong to the Rio das Velhas
Series, of uncertain age. Herz and others suggested that the
Itabirito granite had formed by complete anatexis of the granodiorite, and incorporation of argillaceous sediments into the
resulting melt . Fleischer and Routhier (1973, 1974), however,
emphasize the concordance of the granite-metasediment contact
and repeat an earlier suggestion for interpretation of the complex as a mantled gneiss dome.
EURASIA
14. Norwegian Caledonides. Ramberg (1967a) described the
Namsos- Grong and More basal gneiss culminations in the Norwegian
Caledonides, in which domal structures predominate. Gneiss of
the Namsos region has yielded Rb-Sr ages of 1900-1800 m.y.
(Z.W.O. Lab, 1968). A thin autochthonous cover of Eocambrian
sparagmites and Cambrian schists is locally present, but was
probably overestimated by Ramberg (see Roberts, 1978); most of
the cover succession found within the Trondheim synclinorium
to the east is allochthonous, and represents a series of nappes
that were probably derived from west of the present coastline of
Norway . Metamorphic fabric within the nappe piles, assumed to
have been developed during the early stages of thrust-faulting,
has been assigned a minimum age of 438 m. y. (Wilson and Nicholson,
1973). To the west, where basement remobilization occurred,
dynamic metamorphism outlasted nappe emplacement, camouflaging
the basement-allochthon contacts.
15. Eastern Finland and Southern Karelia . The establishment
of the Finnish Karelides as a type area for mantled gneiss domes
has proven opportune. In few other areas are the domes so numerous or free from structural complexity and subsequent orogenic
overprinting. The cores of the Karelide domes contain migmatites,
granitic gneiss and porphyritic granites,and are mantled by the
transgressive Jatulian sedimentary sequence.
Radiometric dating is complementary to the geological
chronology proposed by Eskola (1949). Biotite from granite
gneiss has yielded a K/Ar age of 1740 m.y. (Wetherill and others,
1962). Zircons from the basement complex give discordant U-Pb
ages which are suggestive of lead loss. Wetherill and Kouvo
(1966) show that the U-Pb ratios can be interpreted according to
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a model which assumes an absolute age of 2800 m.y., analogous
to Saamide basement to the east, with an episodic loss of lead
1800 m.y. ago.
16. Central Karelia, USSR . Il'1na ( l977) has lo cated 21
dome structures, many on the basis of aeromagnetic data alone,
along the juncture of the Karelide belt with the older Belomoride
belt to the east. The domal cores consist of granite gneiss,
which frequently grades into granite towards the center of the
domes. Basic metavolcanics and amphibolite apparently form much
of the mantle sequence. K-Ar ages of t he gneiss do not exceed
1800 m.y., and are assumed to reflect rejuvenation of Archean
basement.
17. St. Malo Complex, Massif Amoricain, France. Many ages
have been proposed for the St. Malo massif on the northwestern
coas t of France, but Brun (1977) argues that the complex developed
entirely in Cadomian time, culminating in the formation of a
migmatite dome ~600 m.y. ago . He has recognized three lithostructural units within the complex: a core of migmatites and
anatectic granites , a gneiss ic mantle and an "envelope" of mica
schists. The schists, he maintains, pass conformably into the low
grade Brioverian (900-650 m.y.) metasediments of central Brittany.
Brown (1978, 1979), who contends that migmatization preceeded
the deposition of the Brioverian cover sequence, has noted the
absence of critical radiometric data for the area.
18. Agout Dome, Montagne Noir, France. The geology of
the Agout Dome, Montagne Noir, has been s ummarized by denTex
(1975); a more detailed account is provided by Schuiling (1961) .
The formation of the dome postdates early Hercynian nappe development in the Montagne Noir; the dome itself is aligned with late
Hercynian structures. The core of the dome consists of orthoand paragneisses, with a central migmatite zone. The orthogneiss has yielded a whole rock Rb-Sr isochron of 530 m.y .; the
migmatite generally produces isochrons of 475-419 m.y., although some samples indicate local homogenization at 320-280 m.y.
(Hamet and Allegre, 1972, 1976) . The mantle of the dome consists
of Upper Brioverian t o Lower Carboniferous sediments, metamorµ1osed 1Dupper amphibolite grade .
19. Pyrenees. The axial zone of the Pyrenees contains a
number of large, gently-arched gneiss domes, such as the Canigou
and Aston-Hospitalet massifs (Rutten, 1969). These domes consist
of porphyritic orthogneiss and feldspa thic paragneiss, and are
mantled by Cambrian-Ordovician metasedimentary rocks (Fonteilles
and Guitard, 1968). Metamorphism affects progressively h i gher
parts of the sedimentary sequence as one moves west across the
axial zone (Zwart, 1968). One interpretation of these domes is
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that they represent autochthonous pre-Hercynian basement, mobilized during the Hercynian orogeny. Vitrac and Allegre (1975)
have determined the lower limit for the age of an orthogneiss
from the Canigou Massif to be 535 m.y. Rutten (p. 348) has
suggested that a more or less fortuitous superposition has
caused Hercynian structures to be exposed in the center of a crosscutting Alpine orogen.
20. Pennine Alps. Although Eskola himself (1949, p. 472)
proposed that the gneiss masses of the Pennine Alps might be
compatible with a mantled gneiss dome interpretation, this possibility has rarely been discussed in subsequent literature. denTex
(1975), however, has selected the Lepontine gneiss region of
Switzerland to illustrate his theory of convective remobilization
of the basement. The area constitutes a thermal dome with five
subdome structures. The Lepontine gneisses are conformable
with mantling Mesozoic cover rocks, but have generally yielded
Hercynian Rb- Sr ages. The Alpine thermal culmination postdated
nappe emplacement and has been fixed for this region at 38 m.y.
(Hunziker, 1970).
21. Menderes Massif, Turkey. Augen gneiss forms the cores
of four domes within the Menderes massif, Turkey (Brinkman, 1976van der Kaaden, 1971; Graciansky, 1966). The gneiss is mantled
by a metasedimentary sequence of mica schist phyllite, metaquartzite, and marble. The schist, phyllite, and quartzite are
thought to have been derived from Ordovician-Devonian sediments,
while the marble is probably equivalent to Lower CarboniferousJurassic? limestones. Whole-rock Rb- Sr analysis of the augen
gneiss has produced ages of 529 m.y. and 490 m.y. (CambrianOrdovician). A uraninite vein in the southern gneiss core has
been dated at 268 m. y . (Permian), and an undeformed granite has
yielded a whole-rock Rb-Sr isochron of 167 m.y. (Jurassic).
Brinkman feels that the last metamorphism was probably Jurassic.
22. Saksagan Dome, Ukraine, USSR. Kalyayev (1970) described
the Saksagan migmatite dome, some 80 km wide, east of Krivoy
Rog, Ukraine, which conta~ned in its core reconstituted, migmatitic
basement and younger granites . The mantling sequence, as described by Kalyayev, consisted of apospilites and orthoschists at the
base, followed by the extremely thick, heterogeneous Krivoy Rog
series. Lysak and Sivoronov (1976) have since argued, however,
that the apparently domal structure within the Saksagan block
actually results from the juxtaposition of two tectonically distinct complexes.
23. East Ural Anticlinorium USSR. Gneiss domes have been
described in the East Ural Anticlinorium by Chesnokov (1966, 1967).
The core rocks of the Larina compound dome consist of granite
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paragneiss; the dome has an inner mantle of gneiss-amphibolite
and an outer mantle of schist and quartzite. Mantling strata
belong to the early Paleozoic eugeosynclinal Larina series . The
domes are presumably Uralide structures, and are regarded by
Chesnokov (1966, p. 45) as "the natural result of intense geosynclinal fo lding and regional metamorphism in the axial zone of
mobile belts•"
24. Ulu- tau and Kokchetav Massifs, West-central Kazakhstan,
USSR. According to Pavlova (1967) , a series of arches and elongate domes occur along an anticlinorium in the core of the Ulutau massif. Granite occurs in the centers of these domes and is
gradational into granitic gneiss near the contact with Riphean
(upper Proterozoic?) strata. The cover sequence consists of a
lower suite of acidic volcanics ( 11 porphyroids 11 ) and an upper
sequence of volcanogenic sediments. The morphology of the Ulutau domes is simple and is not suggestive of great plasticity.
The Kokchetav massif lies north of the Ulu-tau massif,
within the same zone of uplifts in west-central Kazakhstan . The
structure of the massif is dominated by four domes, the largest
of which is 80 km in diameter (Pavlova, 1972, citing Rozen and
Serykh, 1969). The Kokchetav basement consists of ortho- and
paragneisses and amphibolites; the cover sequence is similar to
that of the Ulu-tau region (Nalivkin, 1973). The form of the
domes is again relatively simple but intrafolial folding is widespread on the dome flanks. The time of deformation is assumed
to coincide with that of amphibolite grade metamorphism (~1000
m.y., Rozen and Yanitskiy, 1974).
25. Mama Region, Transbaikalia, USSR . According to Salop
(1972), the Mama region of Transbaikalia contains about 20
mantled gneiss domes, many of which are elongated in a NE-SW
direction. Some of the domes are bulb- or mushroom-shaped.
The crystalline basement in this area, which does not outcrop
in all the domes, consists of Lower Proterozoic gneissic granites.
The domes are mantled by a thick Upper Proterozoic metasedimentary
sequence, the base of which consists of high grade meta-arkose
with orthoamphibolite horizons (Koganda Formation). Migmatization of the metasedimentary ro cks is sometimes observed near the
core- mantle contact.
26. Aldan Shield, USSR . .Many gneiss domes have been reported
within the Aldan Shield of the Soviet Union, which forms the
southeastern part of the Siberian Platform. Salop (1972) has
recognized, within the Aldan Shield, a number of "gneiss folded
ovals, "huge structures which he considers characteristic of
Archean deformation; the Lower Timpton dome (Grabkin, 1965), which
attains a diameter of 170 km, is an example. Smaller gneiss domes
are common within the folded ovals, and are considered by Gladkov
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and Grabkin (1978) to have been superimposed on the ovals by
subsequent "gneiss dome orogeny."
Within the Verknealden folded
oval or "amoeboid;'' Salop has mentioned the Suon-Tit granite
gneiss dome, in which alaskite outcrops from beneath a mantle
of Archean strata (Yengra and Timpton Subgroups).
27. Kotlar Udokan Region, USSR. In the western Aldan Shield,
numerous gneiss domes of various morphologies are found in the
Kodar-Udokan region (Leytes and Fedorovskiy, 1972; Sorachev, 1974).
In this area, Archean schists and gneisses of the Chara Series
now occur as small inliers and remnants, the original basement
having been largely reconstituted during extensive migmatization
and granite intrusion in Early Proterozoic time. According to
Leytes and Fedorovskiy, "granite-gneiss and migmatite domes, mushroom structures, and sharp interdomal synclines" were formed
during this episode of magmatism and metamorphism . The mantle
sequence of the structures consists of the Lower Proterozoic
Udokan series, which is metamorphosed to amphibolite facies in
the vicinity of the domes .
28. Nercha(insk) Range, Southeastern Transbaikalia, USSR .
Sinitsa (1965, 1975) has described two Jurassic mantled gneiss
domes in the Nercha Range of southeastern Transbaikalia: the
Tsagan-Oluya dome and the Kuotmar dome. The core of the TsaganOluya dome contains biotite-hornblende gneiss, which is commonly
migmatitic. The gneiss is mantled by Lower- to Mid-Jurassic
conglomerates and sandstones, which have been metamorphosed to
amphibolite grade and extensively invaded by pegmatites in a zone
within 2-5 km of the core. In the eastern part of the dome, a
massive bioite granite intrudes both the core and mantle rocks.
The Kuotmar dome, which is located northeast of the Tsagan-Oluya
dome, contains a granitic core which is deformed only in a narrow
zone (2-4 km) around the edge of the core. Jurassic deposits are
foliated close to the contact with the granite; biotite and epidote occur as alteration minerals in both the granite and the
sediments in the contact zone.
Sinitsa considers the cores of both domes to represent basement of probable Paleozoic age. Late Jurassic tuffs and extrusives
and Early Cretaceous sediments unconformably overlie the mantle
sequence.
29. Bureyan Massif, Soviet Far East. Nedashkovskiy (1976)
has conducted geochemical studies on granite-gneiss domes in the
Soviet Far East. The Yaurinsk dome in the southeastern part of the
Bureyan massif, is formed of Proterozoic plagiogneiss with biotite
granodiorite in its core; a migmatitic zone separates the granodiorite from the plagiogneiss. The overlying metamorphic rocks
are in the epidote-amphibolite facies . The younger intrusive rocks
of the dome may fall into an early Paleozoic magmatic suite described by Putintsev and others (1972).
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30. Central Kamchatka, USSR. Granite gneiss domes in the
metamorphic zone of central Kamchatka were described by Lebedev
and others (1970).
Additional information may be found in this
reference,which was not available to this survey.
31. Southern Primor'ye USSR. In southern Primor'ye, near
Vladivostok, a small (5 x 6 km) mantled gneiss dome has been
described within a zone of gold mineralization (Epshteyn, 1969).
The core of the dome consists of middle Paleozoic diorites which
have been cataclastically deformed. Upper Permian elastic sediments, including a basal conglomerate, overlie the middle Paleozoic rocks; the sediments are transformed into phyllites and
chlorite-sericite schists near the core of the dome. The metamorphic aureole is about 1 .5 km in width, and its outer edges coincide with a zone of "severe dislocation" in the Permian rocks.
Rocks of both the core and the metamorphic mantle are extensively
intruded by numerous aplite and pegmatite dikes. Epshteyn
believes that magmatization occurred in Upper Cretaceous time
(125-113 m.y.). Gold mineralization is apparently a post-tectonic
phenomenon, but concentration of gold within the dome structure
is many times higher than that of the mineralized belt as a whole.
32. North Korea. Several mantled gneiss domes were reported
to exist in North Korea by Salop (1972). Lower Precambrian
gneissic granites, gneisses and schist occur in the cores of these
domes; these rocks are mantled by upper Proterozoic sediments
(Sanvon and Kuchen Formations) which have undergone epidoteamphibolite and amphibolite grade metamorphism. The first noticeable angular unconformity in the cover sequence occurs at the
contact between the Pkhenan Group (Middle Carboniferous-Lower
Triassic) and Upper Triassic-Lower Jurassic continental beds,
where the angular discordance is sharp . Salop therefore proposes
that remobilization of the basement complex occurred in Triassic
time.
33. Core Zone, Malaysia. Richardson (1950) described the
Bukit Berentin and the Bukit Ranjut complexes of Malaysia as
igneous intrusions, but more recently, Hutchinson (1973a) has tentatively suggested a reinterpretation of both complexes as remobilized portions of the basement. The core of the BukitBerentin
Complex is well foliated and the structure is conformable with
that of the surrounding metasedimentary rocks. The rocks surrounding the gneiss are intruded by swarms of minor granite apophyses.
Gold placers in nearby streams are thought to derive from the
Bukit Berentin complex.
Hutchinson has also considered the Stong Migmatite Complex
and the Taku Schist terrane, north of Bukit Berentin and Bukit
Ranjut, to represent infrastructural upwellings of Malaysia's
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metamorphic core zone. The Stong Migmatite was apparently derived
from a predominantly arenacous sedimentary sequence that underwent large-scale anatexis. The Taku Schist, derived from mainly
pelitic sediments, has yielded K/Ar dates of 215- 220 m.y. Both
the Stong Migmatite and the Taku Schist are presumed to be the
metamorphic equivalents of Lower Paleozoic rocks.
34 . Mysore State, India . Several circular to elliptical
bodies of gneiss, 10-35 km in diameter, are found completely
encircled by schists of the Dharwar Supergroup in Mysore State,
India, and have been considered by some geologists to resemble
classic mantled gneiss domes (Pichamuthu, 1967; Radhakrishna
and Vasudev, 1977). The gneiss is tonalitic in composition and
presumably formed the basement on which the sediments of the
Dharwar Supergroup were deposited. A tona litic cobble from a
conglomerate of the Lower Dharwar Group has been dated at 3250 m.y.
(Ventkatasubramanian and Narayanaswamy, 1974, p. 318). The Dharwar sediments themselves are thought to have been deposited
in the period 2600- 2100.
AFRICA
35. Central Karagwe-Ankolean Belt, Southern Uganda . In
southwest Uganda, a number of low-lying areas, termed "arenas,"
are underlain by domes of non-resistant granitic rocks which are
encircled by basal quartzites of the Precambrian Karagwe- Ankolean
cover sequence . Local geologists have suggested as long ago as
1951 (Nicholson, 1965, p . 157) tha t these represent mantled gneiss
domes. Nicholson (1965) presented a description of the Ntungamo
gneiss dome of southern Uganda to a meeting of the Geological
Society of London, and discussion participants felt that it also
could be referred to the mantled gneiss dome model.
The Karagwe-Ankolean cover sequence is regionally considered
to postdate 1800 m.y.
Granitic gneisses from the Ntungamo dome
core have yielded a whole-rock Rb-Sr isochron of 1185 m.y., (Cahen
and Snelling, 1966).

The Kalahari craton of southern Africa is rimmed by mobile
belts characterized by radiome tric ages in the range 650-400 m.y.:
the Damaran orogen on the west, the Lufilian or Zambezi belt to
the north, and the Mozambique belt on the west . A number of mantle
gneiss domes have been described from the circum-Kalahari region,
with estimates for the age of crustal rejuvenation frequently falling around 500 m.y.
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36. Abbabis Complex, Namibia (South West Africa). An inlier
of pre-Damaran basement southwest of Karibib, Namibia--the Abbabis
Inlier--has long been known to local geologists, and Smith (1965,
p. 10) suggested that remetamorphosed Abbabis rocks might also
be present in the cores of numerous dome structures in the area.
Recently, it has been demonstrated (Jacob and others, 1978)
that much of the so-called Red Granite-Gneiss,of supposed syntectonic Damaran age, actually correlates with the ancient Abbabis
granite- gneiss; Jacob and others support a model of reactivation
into mantled gneiss domes. Zircons from two samples of the
Abbabis gneiss have yielded a U-Pb concordia intercept of 1925 m.y.
The Rossing uranium deposit (Berning and others, 1976) lies
on the southwest flank of one of these gneiss domes. Low-grade
uranium mineralization is disseminated within alaskitic pegmatites
which intrude the rocks of the metasedimentary mantle (Nosib Formation, Damara System). Age determinations on uraninite, davidite,
and biotite from the Rossing area indicate that metamorphism and
the emplacement of uraniferous pegmatites occurred within a
narrow time period around 510 m.y. (van Backstron, 1968).
37. Rietfontein Inlier, Namibia. Some 200 km east of the
Rossing area, the Rietfontein Inlier (Martin, 1965, p. 12)
contains granite and gneisses of the Marienhof Formation, a
possible equivalent of the Abbabis Formation. In some localities,
the Nosib Formation overlies the Rietfontein granite with a
thick basal conglomerate, while in other places, the Nosib and
overlying formations have been intruded by pegmatites and by granitic rocks which seem to pass gradationally into the gneisses of
the inlier. Martin has suggested that the Marienhof Formation
was refoliated and locally remobilized during the Damaran orogeny.
38. Copperbelt, Northern Zambia. All the Zambian copperbelttype deposits occur in the Lower Roan Formation (Katanga Series),
in proximity to granite domes and to the Kafue anticline, which
may represent the coalescence of a number of domes (Garlick, 1961).
Before 1940, the granites were generally considered intrusive, and
the base metal deposits were thought to be epigenetic; however,
subsequent detailed mapping demonstrated that the granites are
all pre-Katangan in age. No pre-Katangan radiometric ages are
yet available from direct analyses of the Copperbelt granites, but
Snelling and others (1964) suggest that the basement of the area
dates back to ~2700 m.y. Snelling and others obtained a wholerock Rb-Sr isochron from the Nchanga red granite of 570 m.y.,
but argued that the high value for 87ST/86ST (0.795) in the granite
indicated probable rejuvenation and isotopic homogenization during
the Lufilian orogeny. The granites of the Copperbelt, in contrast
to those of other mantled gneiss domes, are generally undeformed.
Uranium mineralization is also present in the Copperbelt
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region and, according to Snelling and others, occurred in two
major phases: one at 620 m.y., and one at 520 m.y.
39. Mpande Dome, Southern Zambia. The Mpande gneiss dome of
southern Zambia, as described by Mallick (1967), has a geological
history similar to that of the Copperbelt domes. A core of
granitic gneiss and granite is surrounded by stratified rocks of
the Katanga System, and was considered as an intrusive complex
by earlier workers. Mallick has concluded that the dome formed
during Lufilian deformation, as ancient granitic basement
swelled upward through several horizons of its Katangan cover.
40. Fungwi and Chimanda Reserves, Rhodesia. Talbot (1971)
has mentioned four gneiss domes in Fungwi and Chimanda Reserves,
Rhodesia, of which he considers the one near Marymount Mission to
be the most like a typical mantled gneiss dome. The metasedimentary mantle sequence in this area belongs to the Umkondo System
(deposited 2000-1650 m.y. ago). The pre-Umkondo basement here
consists of a lower paragneiss and an upper acid gneiss, and it is
the latter that predominates in the dome cores. Metamorphism of
the Umkondo System and dome formation presumably occurred during
the Zambezian (Lufilian) orogenic event.
Talbot's highly innovative paper focuses on the Fungwi
mantled gneiss dome, in which 12 or 13 small-scale domes can be
recognized within the larger structure. Talbot has argued that
these represent "frozen" convection cells which, if they had
continued to operate, would have homogenized the gneiss, creating
a rock of magmatic appearance, but at subsolidus temperatures.
41. Chirwa Intrusion, Rhodesia. The Chirwa Intrusion, Rhodesia, occurs in an ovoid outcrop, 3 mi in diameter, and consists
of sodipotassic porphyritic and non-porphyritic granite, locally
gneissic around the intrusion's rim (Johnson, 1968). The granite
is completely surrounded by Archean amphibolites of the Bulawayan
System, which, outward from the intrusion, are in turn overlain by
garnetiferous pelitic and semipelitic schists of the Umkondo
System. According to Johnson, the Archean basement and its Umkondo
cover were deformed and metamorphosed during the Mozambique
orogeny ~500 m.y. ago. Biotite from the Chirwa granite has yielded
a Rb- Sr age of 460 m.y., with a whole-rock analysis reputedly
yielding a substantially older date. Johnson believes that the
Chirwa Intrusion represents remobilized basement, equivalent to
the Archean sodipotassic granites which outcrop over wide areas
to the west and south.
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AUSTRALIA
42. Rum Jungle Area, Northern Territory, Australia. The Rum
Jungle and Waterhouse complexes of northern Australia, which for
some time were assumed to represent intrusive granites, actually
comprise variegated assemblages of metasediments, schists, gneisses
and several types of granite (Stephansson and Johnson 1976).
U-Pb isotopic studies on zircons from the Rum Jungle Complex
have demonstrated that at least part of it is Archean, with an
interpreted age of 2550 m. y . (Richards and others, 1966) . Rb-Sr
analyses from the Waterhouse Complex suggest an age of ~2450
m.y.(Compston and Arriens, 1968) . The gneissic basement complex
of the Rum Jungle area is overlain by Lower Proterozoic sediments
of the Bachelor, Goodparla, and Finnis River groups, which are now
in the lower greenschist metamorphic facies, with higher grade
assemblages locally present. Rb-Sr ages of various granites intrusive into Lower Proterozoic sediments of the area fall in the
range 1830-1720 m.y. (Compston and Arriens, 1968). Stephanssonand
Johnson believe that it was the upwelling of such granites, beneath
the present-day Rum Jungle and Waterhouse complexes, w1iich caused
the Archean basement and its cover to be deformed into domes.
Both uranium and base metal mineralization occurs in the Rum
Jungle area, with major deposits occurring in the synclinal zone
between the two basement complexes. Mineralization is most
prominent within the bl ack shale and chl orite schists of theGolden
Dyke Formation (Goodparla Group).
43. Alligator Rivers, Northern Territory , Australia. The
Alligator Rivers area displays a geolo gy very similar t o, and
perhaps continuous with, that of the Rum Jungle area. The
Alligator Rivers area, like the Rum Jungle area, has been the site
of rich uranium mineralization (Hegge and Rowntree, 1978; Needham
and Stuart-Amith, 1976). Major uranium deposits within the
Lower Proterozoic Cahill Formation (Koolpin Formation equivalent),
a sequence of quartzofeldspathic and pelitic sediments which was
metamorphosed to amphibolite grade. The Cahill Formation is
draped around the granite-gneiss-migmatite Nanambu Complex, termed
by Needham and Stuart-Smith a mantled gneiss dome. To the northeast, the Proterozoic metasediments grade into the Nimbuwah migmatite complex, which may have the form of "migmatite nappe"
(Smart and others, 1975). Regional metamorphism, deformation,
and the intrusion of anatectic grani tes in the Alligator Rivers
area are thought to have occurred 1800 m.y. ago.
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A..~TARCTICA
44. Fosdick Mountains, Marie Byrd Land. The gneisses and
migmatites of the Fosdick Mountains, Marie Byrd Land, have been
interpreted by Wil banks (1972) as the exposed part of an
infrastructural dome which was once mantled by pre- Cretaceous
sediments, such as those presently outcropping in ranges to the
south. Halpern (1972) has suggested that Rb- Sr ages of 102-92 m.y.
for Fosdick samples reflect metam?rphic resetting during a
Cretaceous orogeny.
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PART III: TABULAR SUMMARY OF MANTLED GNEISS DOMES OF THE WORLD
CORE
LOCATION

REFERENCES

LITHOLOGIES AND AGES

MANTLE
LITHOLOGIES AND AGES

PROBABLE TIME OF
:G_D_ FORMATION

1. Uchi Subprovince,
Ontario

Breaks and o thers (1974) Foliated trondhjemite
Metavolcanic amphibolite; bio- Kenoran orogeny?
Thurston and Breaks
- Archean
tite- and hornblende biotite(1978)
Undeformed leucocraticquartz quartzofeldspathic gneiss
monzonite
trondhj emitic gneiss - 29602740 m.y.

2 . Emile River,
Northwest Territory

Frith and Leatherbarrow
(1975)
Frith and others (1977)
Frith (1978)

3. Watersmeet northern
Michigan

James (1955)
Feldspathic augen gneiss;
Sims and Peterman (1976) biotite quartzofeldspathic
gneiss -Crystallized
>2600 m.y

Interbedded iron-formation
'vl800 m.y.
and mafic intermediate volPenokean (=Hudsoncanics; interbedded ironian orogeny)
formation, argillite and
greywacke (Marquette Group)
-Precambrian X (=Lower Proterozoic). Garnet grade.

4. Bancroft District,
Ontario

Hewitt (1957)
Silver and Lumbers
(1965)
Little and others (1972)

Marble, paragneiss, amphibo'vl050 m.y.
lite (Grenville Group) -early Grenville orogeny
Helikian (=Middle Proterozoic).
Granulite facies.

Slightly foliated granitic
gneiss -2712 m.y. (Rb-Sr)
Undeformed alaskitic pegmatite - 1808 m.y. (Rb-Sr)

Hybrid granite gneiss. Pink
leucogranite gneiss -1250,
1125 m.y . (U-Pb) Granitic
pegmatites -Uraninite associated with pegmatites 10601020 m.y.
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Subgreywacke and argillite
(Snare Group) -Proterozoic
Sillimanite grade near
core gneiss

2000-1800 m.y.
Hudsonian" orogeny

11

5. Adirondack Inlier
New York

DeWaard and Walton
(196 7)

Meta-anorthosite metanorite Diverse gneisses, charnockite, Grenville
charnockite, graniticgneiss marble, amphibolite, and
orogeny
1140- 1100 m.y. (U- Pb zircon) quartzite (Grenville Series).
Granulite facies.

6. El Oro, north-central Budding and Cepeda
New Mexico
(1979)

Mica gneiss, locally migmatic Pegmatites

Mica schist, impure marble
Middle Proterozoic?
amphibolite and quartzite
-Middle Proterozoic ('vl700
m.y. ?) Upper amphibolite facies

7. Connecticut Valley
Synclinorium, New
England

White and Jahns (1950)
Skehan (1961)
Doll anG others (1961)
Thompson (1968)
Rodgers (1970)

Paragneiss, felsic
metavolcanics -Precambrian

Mica schist and mica quart;2ite, Early Devonianwith lenses of amphibolite;
Carboniferous
limestone-phyllite -Lower
Acadian orogeny
Cambrian to Lower Devonian.
Generally within staurolite
kyanite isograd.

8. Bronson Hill
Anticlinorium, New
England

Thompson and others
(1968) Naylor (1969)
Rodgers (1970) Hills
and Dasch (1972) Laird
(1974) Leo (1977)

Quartz dioritic-granitic
gneiss, massive quartz monzonite and granite - 616 m.y.
(Rb-Sr, Stony Creek granite,
N 450 m.y. (Rb-Sr and U-Pb,
gneiss and granite of Mascoma: Dome)

Ammonoosuc metavolcanics
-Ordovician Graphitic slates
to schists; quartzite, mica
schists, calcsilicates - OrdSil- Dev Garnet to staurolite
grade .

Devonian Acadian
Orogeny

Veined gneiss andmigmatites;
coarse augen gneiss, granitic gneiss -1050 m.y. Two
mica granite

Quartzite, feldspathic mica
schist, marble, and pelitic
schist (Glenarm Series). Late
Precambrian.Upper amphibolite
facies (kyanite near coresl

'v425 m.y.

9. Baltimore- Washington Broedel (1937
Anticlinorium
Hopson (1964)
Wetherill and others
(1968)
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LO. Shuswap Complex
British Columbia

Jurassic Columbian
Orogeny

Reesor (1970)

Migmatitic granitoid Rocks
- Aphebian?

Metasedimentary gneiss (Belt
Purcell Supergroup?)

Granitic gneisses, paragneisses, migmatites - 2100
m.y. (Rb-Sr)

Quartzites, quartzitic and
175 m.y.?
calcareous pelite, marble and
calc- silicate rocks; concordant alkalic intrusions (Ordovician). Upper amphibolite
facies (sillimanite and orthoclase).

a.

Frenchman's Cap

Wheeler (1965) Fyles
(1970) McMillan (1973)
Brown (1980)

b.

Thor-Odin Dome

Reesor and Moore (1968) Migmatitic biotite-quartz
Quartzite, pelitic schist,
Wanless and Reesor(l975) feldspar paragneisses; Grano-quartzitic paragneiss, marble,
Read (1980)
diorite gneiss -1960 m.y.
calc- silicate. Sillimanite(U-Pb)
almandine-orthoclase subfacie~

c.

Pinnacle Peakes

Reesor and Froese (1968) Unexposed

d.

Valhalla Dome

Reesor (1965)

Schist, quartzite, calc-silicate gneiss, and marble;
abundant pegmatites. Sillimanite-almandine-muscovite subfacies.

Veined granodiorite augen
gneiss, leucogranitic gneiss
Massive granitic (granodiorite to leucogranite) rocks

Paragneiss with leucogranitegneiss and pegmatitic interlayers, marble, minor amphibolite.
Sillimanite-almandine- orthoclase subfacies

Ll. Rinkian Mobile Belt
W. Greenland
a.

Umanak area

Henderson (1969) Escher Biotite and biotite hornand Pulvertaft (1976)
blende gneiss (Umanak Fm)
Archean
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Quartzite; pelitic and semi~1870 m. y . (final
peliti~ schists (Karrat Group) phase of Rinkian
Amphibolite facies metamorph- orogeny
in lower Karrat Group; upper
greenschist in remainder.

Escher and Pulvertaft
(1976)

Granodioritic gneiss, concordant granite sheet

~1870 m.y.
Quartzite with sill- like
bodies of amphibolite; graphitic
phyllites; semi- pelitic schists
and metavolcanics. Amphibolite
facies in lower part of sequence•

Haller (1955; 1971)
Hendriksen and Higgins
(1976)

Biotite and hornblende
gneisses, with amphibolite
bands and pods (Flyverfjord
infracrustal complex) ~3000
m.y. (Rb-Sr) Migmatites

Rusty brown pelites and psarnmites (Krummendalsupracrustal
sequence) >C. 1200 m.y.
Upper amphibolite facies (Kyanite and garnet).

1200-900 m. y.

13. Bacao Complex, Quad- Herz and others (1961)
rilatero Ferrifero, Herz (1970)
Minas Gerais, Brazil Fleischer and Routhier
(1973, 1974)

Weakly foliated granodiorite
-2440 m. y. (K/Ar, biotite)
Well foliated granite -1340
m.y.

Mica schist, calcschist, ironformation, quartz-ankerite
schist (Rio <las Velhas Series)
>2700 rn.y. Quartzite, phyllite
dolomite, itabirites, schist
(Minas Series) >1350 m.y.
Greenschist facies (retrograde
assemblage??)

~1350 m.y.

14. Norwegian Caledonides

Ramberg (1967)
Wilson and Nicholson
(1973) Roberts (1978)

Quartzofeldspathic gneiss
-1900 - 1800 m.y. (Rb- Sr)

Autochthonous sparagrnites and
schists - Eocambrian-Carnbrian.
Allochthonous schists, gneisses
metalavas -Late Precambrian
Silurian.

Silurian ~440 m.y.
Caledonide
orogeny

15. Eastern Finland and
Southern Karelia

Eskola
(1954)
others
Tilton
others
(1976)

Arkose; conglomerate, quartzite dolomite, mica schist
with basic volcanics (Jatulian
succession).

~1800 m.y.
Karelide orogeny

16. Central Karelia
USSR

11' ina (1977)

Amphibolites, basic metavolcanic~ Kyanite-staurolite
grade near periphery of domes·

~1800 m.y.
Karelide orogeny

b. Talorssuit Dome

12. Central Metamorphic
Belt, E. Greenland
Caledonides

(1949) Harme
Granitic gneiss, porphyritic
Wetherill and
granite, migmatites - ~2800
(1962) Kouvo and m.y.
(1966) Brun and
(1976) Huhma
Brun (1980)
Granite gneiss, granite
- Archean
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Caledonian
overprinting
in Silurian

17. St. Malo Complex,
Massif Armoricain,
France

Brun (1975, 1977) Brown
(1978) Brun and Martin
(1978, 1979)

Paragneisses, migmatites
-2600 m.y.?

18. Agout Dome, Montagne Schuiling (1961) DenTex Orthogneiss -530 m.y. (RbNoire, France
(1975) Hamet et Allegre Sr) Paragneisse~migmatite
and anatectic granites -330
(1972, 1976)
m. y . (Rb-Sr)

Mica schists (metagreywackes)
-Brioverian (900-600 m.y . ),
Greenschist facies.

'v600 rn. y .?
Cadomian orogeny

Mica schists, dolomite, quart- 340-330 m. y.
Hercynian orogeny
zite -Upper Brioverian to
Lower Carboniferous Upper
amphibolite facies (staurolite near core).

19. Pyrenees

Fonteilles and Guitard
(1968) Zwart (1968)
Rutten (1969)

Porphyritic orthogneiss,
fel dspathic paragneiss;
l eucocratic granite

Mica schist , marble, paragneiss -Cambrian-Lower
Carboniferous

20. Pennine Alps

Hunziker (1970) denTex
(1975)

Granitic gneiss -310 m.y.
(Rb-Sr)

21. Menderes Massif,
Turkey

deGraciansky (1966)
van der Kaaden (1971)
Brinkman (1976)

Augen gneiss - 529, 490 m.y.
(Rb-Sr)

Deep-water calcareous pelites, 'v40 rn .y. Alpine
pelagic limestones and cherts orogeny
(schists lustres)-Triassic t o
Cretaceous. Upper amphibolite
facies (Kyanite- staurolite).
Mica schist, phyllite, metaJurassic?
quartzite -OrdovicianDevonian Marble -Carboniferous
Jurassic? Greenschist faci es.

22. Saksagan Dome
Ukraine, USSR

Kalyayev (1970), Lysak
and Sinoronov (1976)

Plagioclase granite gneisses; Spilite-diabases, jaspilite
gneiss-amphibolite (Aul com- (Konsk-Verkhovets complex).
plex) Microcline granites
[Greenschist facies.
l
(Tok granites)

Did not form as
MGD?

Paragneiss granite

Uralide orogeny

23 . East Ural Anticline- Chesnokov (1966, 1967)
rium USSR
Keyl'man and others
(1973)
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Gneiss, amphibolite, schist,
quartzite (Larino Series)
-Early Paleozoic. Amphibolite
facie~

Carboniferous
Hercynian orogeny

~4 . West-Central Kazakhstan USSR
a . Ulu-Tau Massif

Pavlova (1967, 1972)

Granite, gradational into
granite gneiss

Acidic volcanics ("porphy1100- 1000 m. y.
roids"), volcanogenic sediments
(Borovskian Series) -Lower
Proterozoic.

b. Kokchetav Massif

Pavlova (1967, 1972)
Ro en and Serykh (1969)
Rozen a nd Yanitskiy
(1974)

Ortho- and paragneisses,
amphibolites -Archean?

Porphyroids, volcanogenic sedi- ~1000 m. y.?
ments (Borovskian Series)
- Lower Proterozoic.Arnphibolite
facies -

25 . Mama region, Transbaikalia, USSR

Salop (1972)

Gneissic granite -Early
Proterozoic Porphyritic
granites

Gneissic arkoses with orthoLate Proterozoic
amphibolite ho rizons , quartzite,
mica schists (Teptorgo and
Baikalian orogeny
Pat oma Groups) - Late Proterozoic• Upper amphibolite facies
near domes .

26 . Aldan Shield

Gr abkin (1965)
Salop (1972)
Gladkov and Grabkin
(1978)

Alaskitic granite

Paragneisses, quartzites,
amphibolites, marble, hypersthene and diopside schists,
charnockit ic gneisses (Yengra
and Timpton Series) - Archean Granulite facies •

Archean

27 . Kodar-Udokan
region, USSR

Leytes and Fedorovskiy
(1972) Sorachev (1974)

Charnockite gneisses, granites, granodiorites -31002800 m.y. Granite- gneisses,
gneissic granites (Kuanda
granites)

Quartz biotite schis t s,
quartzites, marble (Udokan
Series) -Lower Proterozoic•
Upper amphibolite facies
(sillimanite) near cor e .

Earl y Proterozoic
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2400- 1600 m. y.

Conglomerates and sandstones
-Lower to Mid Jurassic.
Amphibolite facies .

28. Nercha Range,
southeastern
Transbaikalia, USSR

Sinitsa (1965, 1975)

Biotite-hornblende gneiss,
commonly migmatitic -Paleozoic? Massive biotite
granit e

29. Bureyan Massif,
Soviet Far East

Putintsev
and others
(1972) Nedashkovskiy
(1976)

Mica schists strongly altered
Plagiogneiss - Proterozoic
lavas, marble (Talmynskian
Biotite granodiorite
- early Paleozoic? Migmatites and Lower M' yenian Series;
Soyuzneskian Suite) -Lower
Proterozoic. Epidote- amphibolite facie&

30. Central Kamchatka,
USSR

Lebedev and others
(1970)

31. Southern Primor'ye
USSR

Epshteyn (1969)

32. North Korea

Salop (1972)

Gneissic granites, gneisses, Metasediments (Sanvon and
Kuchen Fms) -La t e
and schis t - Archean-Early
Proterozoic. Amphibolit e
Proterozo i c
facies near cores; greenschist facies short distances
away.

33. Core Zone,
Malaysia

Hutchinson (1973a,
1973b)

Paraschist with orthoamphibolite lit- par-lit
gneiss, migmatite; gneissic
quartz porphyry and granite
porphyry. Granitic intrusions - Paleozoic?

?

Cataclastically deformed
diorite; plagiogranitic and
quartzofeldspathi c dikes,
stocks
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?

Phyllites, chlorite sericite
schists - Upper Permia~
Greenschis t facies?

Jurassic

Early Paleozoic?

?

Upper Cretaceous?
125-113 m. y.

Triassic?

Micaceous shales, sandstone,
220-210 m.y .?
phyllite, marble, met avolcanics,
calc- silicates - Permian to
(K-Ar)
Lower Triassic, Greenschist
facies.

34. Mysore State, India

Pichamuthu (1967)
Radhakrishna and
Vasudev (1977)

Tonalitic gneiss - ~3250
m.y.?

35 . Central KaragweAnkolean belt,
Southern Uganda

King (1959)
Quartzofeldspathic gneisses
Nicholson (1965)
Cahen and Snelling (1968)
Read and Watson (1975)

36. Abbabis Complex,
Namibia (South West
Africa)

Smith (1965)
Jacob (1974)
Berning and others (1976)
Jacob and others (1978)

Red quartzofeldspathic
Quartziticand . arkosicgneisses, ~510 m.y.
gneiss, granitic augengneisshornblende and biotite- schists Damaran Orogeny
(Abbabis Complex, Red Gran- marble, quartzite, calc- siliite Gneiss) - 1925m.y. (U- Pb) cates (Nosib and SwakopGroups,
Damara Supergroup). Upper
amphibolite facies.

37. Rietfontein Inlier,
Namibia

Martin (1965)

Gneisses, granites
(Marienhof Fm)

Quartzite, conglomerate,
phyllitic shale, itabirite,
amphibolite, dolomite (Nosib
and Lower Hakos Fms., Damara
System)

Damaran Orogeny

38 . Copperbelt, Northern Zambia

Garlick (1961)
Snelling and others
(1964) Read and Watson
(1975)

Gray quartz diorite to
quartz monzonite, red granite, porphyritic gneissic
granite -~2700 m.y.

Conglomerate, quartzites,
argillite, dolomites, shales,
tillite (Katanga System)
>1000 m.y. Greens chist facies

600-500 m.y.
Lufilian Orogeny
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Ironstones, limestones, argil- post- Dharwar?
lites, quartzites and conglomerates (Dharwar Group) -2600- (or ~2600 m.y. ?)
2100 m.y.
Psammitic and pelitic meta1200-');, 1000 m.y.
sediments with minor calca~Kibaran Orogeny
ceous horizons, conglomerates,
and volcanics (Karagwe-Ankolean succession) -1800 m.y.
Upper amphibolite facies
(kyanite or andalusite, staurolite)

39. Mpande Dome,
Southern Zambia

Mallick (1967)

Microcline-rich orthogneiss; granite

Metarhyolites, quartzose
schists, psammites, phyllite, semipelitic and pelitic schists, marble (Katanga
Series) -Upper Proterozoic
Staurolite grade (amphibolite
facies)

Lufilian Orogeny

40. Fungwi and Chimanda
Reserves, Rhodesia

Talbot (1971)

Lower Paragneiss, upper
acid gneiss - granitic
to granodioritic

Quartzite, semi-pelitic and
pelitic schists (Umkondo
System) -2000-1650 m.y.

Zambezian (Lufilian) orogeny

41. Chirwa Intrusion,
Rhodesia

Johnson (1968)

Sodipotassic porphyritic
and non-porphyritic granite
-Archean? >2650 m.y.

Amphibolites (Bulawayan
System, Archean); p:;litic and
semi- pelitic schists with
quartzite and marble horizons
(Umkondo system, >1600 m.y.).
Garnetiferous.

'v500 m.y.
Mozambique Orogeny

42. Rum Jungle area,
Northern Territory,
Australia

Compston and Arriens
(1968) Stephansson and
Johnson (1976)

Paraschists, paragneisses,
volcanics, amphibolite,
migmatite, several varieties
of granite -2550-2450 m.y.
(Rb-Sr)

Quartzite, dolomite, algal
1830-1720 m.y.
reefs, hematitic sandstone,
arkose, quartz greywacke, conglomerate, siltstone (Bachelor Group); si.ltstone-mudstone,
greywacke (Goodparla-Finniss
River Groups) -Lower Proterozoic Lower greenschist facies
(retrograde metamorphism from
amphibolite facies).
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43. Alligator Rivers
Northern Territory, Ausralia

Smart and others (1975)
Needham and SturatSmith (1976)
Hegge and Rowntree
(1978)

44. Fosdick Mountains
Marie Byrd Land

Wilbanks (1972)
Halpern (1972)

Leucocratic and pegmatoid
gneiss, quartz-feldspar
schist, migmatite, granite
(Nanambu Complex); lit-parlit gneiss and schist, biotite-and hornblende-gneiss
(Nimbuwah Complex)

Quartzofeldspathic and
~1800 m.y.
micaceous metasediments,
marble, para-amphibolite, calcsilicate rock (Mt. Partridge,
Cahill, and Fisher Creek Fms)
- Lower Proterozoic.
Amphibolite facies
(almandine-staurolite subfacies).

Biotite gneiss, migmatite,
quartzofeldspathic nebulite

Greywacke (mantle now completely eroded in Fosaick
Mountains) -pre-Cretaceous.
Greenschist facies.
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102-92 m.y.

PART IV:

CROSS-SECTIONS OF MANTLED GNEISS DOMES

AND CORDILLERAN METAMORPHIC CORE COMPLEXES

The structure of both mantled gneiss domes and metamorphic
core complexes has been conceptuallized by many authors in crosssectional drwaings; a sampling of such cross-sections is presented
here to enable comparison of the two structural types, as they have
been envisioned by local geologists .
Four cross-sections of mantled gneiss domes, adapted from the
cited authors are included:
1) the Late Proterozoic (Baikalide) Dzhelanzhin dome of the
Marna region, Transbaikalia, USSR (Salop, 1972),
2) the Hercynian Agout dome, Montagne Noire, France (Geze, 1949),
3) the Pelham dome, Massachusetts, on the Acadian Bronson Hill
anticlinoriurn ( Thompson and others, 1968), and
4) the Chester dome Vermont, in the Connecticut Valley
synclinoriurn, formed during the Acadian orogeny (Doll, 1961).
_ Four cross-sections of Cordilleran metamorphic core complexes
are also included. These have been modified from the sources cited
on the basis of recent geological reconaissance by S.J. Reynolds.
1) South Mountains complex, Arizona (Reynolds and Rehrig, 1980),
2) the Bitterroot frontal zone and underlying Idaho batholith,
Montana and Idaho (Lindgren, 1904),
3) the Rincon Mountains and Happy Valley area , Arizona
(Drewes, 1974, 1978), and
4) Raft River Mountains, northern Utah (Compton, 1972, 1975).
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