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Abs t ra c t. The pre-Cambrian of the west central part of the \Vind 
River Range consists essentially of medium-grained and porphyroblastic, 

granitic rocks, faintly gneissose, but with no regionally constant strike. Patches 

of migmatite gneiss and agmatite occur throughout and seem to prevail in 

the peaks along the Continental Divide. One, possibly two, generations of 

older basic intrusions, mostly irregular dikes, ha ve been partly granitized. 

Scattered late pre-Cambrian dikes are unmetamorphosed. 

Introduction. 

The Wind River Mountain Range, 100 miles long and 30 miles 
broad, consists mostly of pre-Cambrian rocks. Very little has been 
previously published about these rocks. The only petrographic descrip-

1 The present paper was \vritten while the author was visiting assistant 

professor of geology at l1niversity of Illinois in 1950. 

l -- �.G.T. nr. 3 2 
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5C miles 

Fig. l. The state of \Vyoming, with the pre-Cambrian areas outlined. The 
rectangle shows the part of the Wind River Range, shown on Fig. 2. 

tion is from the gold district at the southern end of the range, north 
of Atlantic City. Here Spencer (1916, pp. 14-21) describes 

·
granites, 

metamorphosed sediments and basic intrusions. Two recent publica
tions have some interest for the present description. Richmond (1945) 
describes the sediments of Cambrian to Tertiary age which border 
the pre-Cambrian from New Fork Lakes to north of Green River 
Lakes. Granite and gneiss are distinguished in the adjacent pre
Cambrian, and a great number of shear zones are drawn on the map. 
Nearly exactly the same features are described in a publication by 
Baker (1946), who also mentions the existence of grey gneiss, fine
grained to very coarse-grained granites and quartz monzonites. 

The present author had the opportunity of doing some field 
work in the U.S. , and chose to undertake a petrologic reconnaissance 
in the Wind River Range, in order to establish the main petrographic 
status of the area. This may be of some importance for regional 



PETROLOGIC RECONNAISSANCE 3 

correlation of the many pre-Cambrian areas in the states of Montana 
and Wyoming and may serve as a base for future detail work. 
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The field work for the present paper was carried out during 
l Y2 months in the summer of 1950, supported by a grant from the 
Research Board of the Graduate College, University of Illinois. I am 
indepted to Prof. T. F. W. Barth and Dr. A. Fredrickson for correc
tions and suggestions. 

Survey of the Rocks . 

The rocks of the investigated area fall into three groups: 
I. The grani te-gneiss complex. 

IL Dikes and irregular bodies of meta-gabbro. 
Ill. Late pre-Cambrian, unaltered dikes. 

The granite-gneiss complex is very heterogeneous. It contains 
homogeneous rocks of granitic composition and "s�upy" gneisses 
with continuous transition between dark and light patches and bands 
(migmatite). Transitions between the two mentioned rock types are 
most frequent. One typical variety contains sharp-edged fragments 
in a homogeneous granitic rock (agmatite). There seems to be little 
possibility for mapping any of these rock types; they always grade 
into each other by transitions. The same is the case with the porphyr
oblastic or medium-grained granitic rocks. Within both groups of 
rocks there are granite, granodiorite and quartz-diorite occurring in 
a rather irregular way, so that only vague hints about the regional 
distribution can be given. 

Dikes and irregular bodies of meta-gabbro occur all over the 
investigated area. The rocks are usually basic amphibole diorites, 
with more or less pyroxene, often as cores in the amphibole indi
viduals. Consequently the rocks are supposed to be altered gabbro, 
here called meta-gabbro. They are always metamorphosed and to 
some extent granitized. On account of varying degrees of granitization 
there might be two generations of intrusions, both of which are 
supposed to be younger than the general metamorphism and meta-
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Fig. 2. Geological sketch rnap of the central portion of the \Vind River Range, 
southwest of the Continental Divide. The blank area to the left is glacial 

deposits and rnostly Tertiary sediments. 
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somatism in the area. These intrusions may be related to the intru
sions described by Spencer (1916, pp. 19�21) from the southern 
end of the range. 

Late pre-Cambrian, unaltered dikes, have been found in a few 
places in the interior part of the range. One of them is rather straight 
for eight miles, the two others have a limited length. 

In the following these three rock complexes are described petro
graphically, and the main distribution of the various rock types is 
outlined. 

The granite-gneiss complex. 

The various rock types within this complex show transitions 
from the one to the other, and therefore a description of the rock 
variation can only be given in general terms. 

There is a certain tendency towards a zonal arrangement of the 
crok types in the investigated area. The high peaks along the Con
tinental Divide consist to a large extent of migmatites and agmatites. 
The mountainous zone above and just below the timberline and 
southwest of the high peaks is made up of a mixture of medium
grained granitic to dioritic rocks with areas of migmatites and agma
tites. In the southwestern marginal zone (central and lower part of 
the belt, 7000' �9000') more homogeneous granitic rocks prevail, 
although there are many small areas with migmatites and scattered 
inclusions. Porphyroblastic rocks also occur essentially in the margi
nal zone. 

In the follmving the rock units are described as to their macro
scopic and microscopic appearance and occurence: Migmatites and 
agmatites, diorite, medium-grainecl and porphyroblastic granitic rocks. 

Migmatites and Agmatites. 

The migmatite gneisses have a highly varied appearance. One 
type contains dark, elongated fragments of an older rock floating in 
lighter gneissic rock. The fragments have diffuse contacts, and same
times they appear only as dark shadows. Another type has under
gane extensive folding, so that it consists of alternating dark and 
light stripes, swirling around in complex patterns. All transitions 
between these two types exist. Generally there is no strike of the gneiss 
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Fig. 3. Typical agmatite-migmatite gneiss, just north of Middle Fork Lake. 

The central, big fragment is only invaded along its schistosity planes by aplitic 

veins. A "soupy" gneiss flows around the more assimilated fragments to the 

right and left. 

foliation that persists over as much as 100 feet, but rarely one strike 
direction may prevail for a mile or two. 

The first type seems to prevail in the area from Palmer to 
Elbow Lake, while the highly folded type is beautifully exposed 
northeast of Island Lake towards Fremont Peak. 

Some places (e.g. at Middle Fork Lake) the inclusions have 
partly a sharp contact, and thus grade towards the agmatites. True 
agmatites, with angular fragments having sharp contacts, occur only 
as patches or outcrops in the migmatite area. The best example is 
from the mountains just north of Green River Pass, where huge 
blocks which have fallen down into the valley show that whole 
mountain sides may consist of agmatite. 

The mineralogical composition has been estimated in a number 
of thin sections, giving a rough, but sufficient basis for classification. 

The basic inclusions are characterized by their content of augite, 
which is commonly partially altered to hornblende, thus suggesting 
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that they are meta-gabbros. The hazy dark patches or stripes have 
a composition from dioritic via quartz-dioritic to grano-dioritic. White 
aplite - pegmatite veins invade the inclusions in the agmatites. These 
veins vary in composition from pure quartz diorite to ordinary granite. 

A good example of the process of assimilation of the fragments 
is obtained from the northern shore of Middle Fork Lake. Here dark 
fragments of meta-gabbro with diffuse contacts are imbedded in a 
migmatite gneiss with a patchy appearance due to lighter and slightly 
darker areas. The lighter colored rock is grano-dioritic whereas the 
darker rock has a dioritic composition with big hornblende crystall
oblasts, �ome with pyroxene core. But the white aplite veins cutting 
the fragments are granitic with only 20 per cent plagioclase. These 
facts, together with the observation that the fragments show all 
gradations from angular black inclusions to barely visible shadows 
strongly support the view that this process of assimilation is of the 
replacement type, that is, granitization. 

It is a question what other kinds of rocks have been assimilated, 
but it seems likely that the migmatite gneisses represent granitized 
sediments. Only one occurrence of true sediment, partly granitized, 
has been found. In the trail at the southwestern end of Elbow Lake, 
a light gneissose rock forms a dike-like body in the diffuse migmatite 
gneisses. The dikelike body has a pronounced foliation which is 
concordant with that of the gneiss. Under the microscope the light 
rock consists of clastic quartz grains in a fine-grained groundmass, 
containing epidote and sericite. Some 30-50 per cent microcline, 
absolutely clear, is obviously formed by the metamorphism or by 
metasomatism. Thus the lighter appearing rock is no doubt a meta
quartzite. From the Green River Lake area, Baker (1946, p. 567) 
reports: "Schists, dominantly amphibolitic, and green quartzites are 
rare." There is good reason to believe that at least part of the gneisses 
consist of granitized sediments, where very little of the primary 
structures are left. 

Diorites. 

Dioritic rocks are rare in the described area. The only occurrence 
of what seems to be a larger mass is situated around Raid Lake and 
some miles to the southeast and northeast. The rock is an "igneous
looking", hornblende-bearing diorite. It is essentially massive but 
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contains rare schlieren of nearly digested inclusions. Patchy nug
matite structures are also seen. The diorite is characterized by a 
bluish green metamorphic hornblende. 

Rocks of dioritic composition (in the sense of J ohannsen) ha ,.e 
been found in a few places, both in the migmatite gneisses and in 
the medium-grained granitic rocks, and many rocks from both of 
these groups are rather dose to a diorite in composition, containing 
5 to 10 per cent quartz or 10 to 20 per cent microcline or both. 

111 edium-graincd granitic rocks. 

Along the southwestern margin of the pre-Cambrian area granitic 
rocks prevail. They are usually massive, but have sometimes a faint 
schistosity. Nearly complete absence of migmatite structures is 
characteristic. The rocks range in composition from microcline granite 
to quartz diorite. The textural varieties range from medium-grained 
rocks to porphyrblastic rocks with big feldspar idioblasts. Inter
mediate textures are rather rare, and the two varieties may be 

described separately. 
The medium-grained granitic rocks have a varied color, depending 

on the distribution of the femic::. The most interesting microscopic 
features are the relations between the feldspars and the types of 
femic constituents. 

The relations between the two feldspars, microcline and oligoclase 
(sometimes sodic andesine), is considered highly indicative of the 
origin of the rocks. Thirty samples of medium grained granitic rocks 
were sectioned. Fourteen of them are inconclusive, showing a eugra
nitic texture which may be either metamorphic or igneous. In some 
sections both feldspars are clear, in others both are hazy due to 
incipient alteration, e.g. by formation of tiny epidote and sericite 
grains in oligoclase and microcline, respectively. The remaining 16 
sections show indications of replacement phenomena. They rna�· be 

grouped as follows: 
Five sections contain water-clear microcline and altered plagioclasc 

individuals. The alteration is shown by dark clouds of either iron 
ore or faint saussuritization. This suggests that the microcline \vas 
formed after the formation of the plagioclase, or after a metamorphism 
of it. 

Four sections shmv clearly that microcline is replacing plagioclase. 
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The microcline grains are irregular and send armlike off-shoots into 
the anhedral plagioclase grains. At the same time square-shaped 
microcline patches form within the plagioclase tablets. 

In eight sections myrmekite occurs in the border zone of plagio
clase individuals, where these are in contact with microcline grains 
(the pre-microcline myrmekite type of Drescher-Kaden, 1948, p. 39). 
There is a rather general agreement that myrmekite is typical for 
the metasomatic feldspar replacement (see Drescher-Kaden, 1948, 
p. 14-39), although myrmekite may form from late magmatic 
solutions in igneous rocks. 

As to dark minerals the rocks contain only biotite (12 sections), 
biotite and hornblende (3), only hornblende (2), or only chlorite (4); 
and four sections show grains of augite more or less completely 
altered to hornblende and biotite. 

The granitic, medium-grained rocks show that at least parts 
of the investigated area have undergone an extensive potash meta
somatism. The primary rocks possibly were pyroxene quartz-diorites 
which have been subjected to a retrograde metamorphism, or, more 
likely, they could be sediments extensively granitized. 

Porphyroblastic granitic rocks. 

The porphyroblastic rocks have usually a faint gneissic structure 
and contain large feldspar tablets of rectangular shape and frequently 
a length of one to two inches. In places the shape is irregular or more 
eye-like, but typical augen gneisses are rather rare. 

These rocks are called porphyroblastic because the big feldspar 
crystals show the same features as described above, essentially 
replacement texture and myrmekite, that is, they have grown by 

metasomatism. The crystals are composed of microcline which is 
slightly microperthitic in most sections. A few sections show plagioclase 
idioblasts, and there are a few cases where such crystals are being 
replaced by microcline. 

It is interesting to note that in most cases there has been a 
potash metasomatism, whereas some rocks suggest that there has 
been an earlier soda metasomatism. The formation of the porphyr
oblastic rocks took place either by metasomatism of the metamorphic 
sediments and basic igneous rocks, or by a recrystallization of the 
igneous granodiorites. Reliable evidence on this point is not ascertain-
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Fig. 4. Big dike in the northern slopes of Woodrow Wilson Peak, situated 

half way between Island Lake and Elbow Lake. 

able from thin section studies but only obtained from field observations 
such as porphyroblastic rocks fading into augengneiss and the graniti
zation of the large basic inclusions, to be described below. 

Basic dikes and irregular bodies. 

All over the investigated area bodies of dark, metamorphosed 
rocks occur in gneissic or granitic rocks. The shapes of the bodies 
vary between more or less clearly recognizable dikes and sills to 
huge irregular bodies which may be between one hundred and several 
thousand feet long. Both dikes and irregular bodies are frequent 
in the high mountains close to the Continental Divide but rather 
rare in the marginal zone of granitic rocks. 

Dikes. The dikes or dike remnants form dark bodies in the 
lighter rock, with a width of one to six feet, their ends fading out 
in the bedrock. Some dikes have been followed for half a mile, but 
their length is usual between fifty and two hundred feet. They are 
most frequent in the migmatites of the high peaks east of the High 
Line Trail between Elbow Lake and Island Lake. Here they have 
often the character of nearly horizontal sills. In one mountain (see 
Fig. 4) a big dike traverses the whole mountain side, with a probable 
dip of 40° to the west. In the mountains south of Island Lake many 
sills are seen, and in one place (west slope of Mt. Lester)! four parallel 
sills are seen at various heights. In the intermediate zone they are 
less frequent, and in the marginal, granitic zone rather rare. 

1 Some locality names in brackets are not on sketch map of Fig. 2; the 

reader is referred to the Forest Service maps or the Fremont Peak and 

the Mt. Bonneville quadrangles. 
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Generally speaking the dikes are not post-tectonic; they are all 
metamorphosed. Their microscopic textures are those of metamorphic 
rocks, with a composition mostly like basic diorite. Plagioclase 
(35-45 An), and augite more or less altered to amphibole are the 
main constituents. The observations of the appearance in the field 
give the impression that there are two generations of dikes. The first 
generation is metamorphosed and considerably altered by crystalliza
tion of metasomatic quartz and feldspar. The second generation is 
metamorphosed only, or granitized in a few places. 

The difference between the two generations is demonstrated in 
one outcrop (at the trail to Island Lake, north of the third lake above 
Seneca Lake). Here a massive meta-diabase, intruded by pegmatite 
dikes, cuts a dike which is schistose and is heavily invaded by thin 
pegmatite veins. This shows that the old dike is metamorphosed, 
deformed, and metasomatically altered, whereas the younger is only 
metamorphosed. A clear age difference is also found between two 

basic dikes running parallel at the trail to Bald Mt. Basin (just east 
of Pole Creek). A fine-grained dike contains fragments of the neigh
boring coarse-grained dike, and the latter has been subjected to a 

potash metasomatism, with the formation of scattered white streaks 
and spots of microcline, quarter to half an inch long, and some 10 per 
cent microcline as small grains, seen in thin section. Again only the 
older dike has been metasomatically altered. 

It is not easy to classify all dikes observed as either first or 
second generation dikes. The main impression is that most dikes, 
also the above-mentioned sills, b�long to the second generation. But 
the partial assimilation of the first and the second generation dikes 
js characteristically different and is described below from two 
occurrences. 

North of Cross Lake a black dike crosses the High Line Trail. 
The central portion consists of a nearly medium-grained altered 
diabase with clear andesine plagioclase and augite which is mostly 
altered to green hornblende. In the border zone the alteration has 
has gone further. The pyroxene has disappeared and some chlorite 
has formed, and it also partially replaces plagioclase. The dike is 

cut by a very coarse pegmatite vein and by a few faults with a 

horizontal displacement of up to two feet. The contacts to the bedrock 

are sharp and straight-lined, except in a few places (see Fig. 5). In 
·one occurrence a vein of the bedrock invades the dike with diffuse 
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Feot 

Fig. 5. Outcrop where the bedrock (left, dotted) invades a 

basic dike of second generation (black). The contact between 

the two rocks is fairly sharp. Location 100' south of the High 

Line Trail, north of Cross Lake. 

contacts. Another outcrop shows a gradational transition over two 
feet. The best evidence for activation of the bedrock gneiss after 
the intrusion of the dike, is obtained from the observation of angular 
fragments of the dike floating in the gneiss. 

One dike is conveniently located at the trail on the northern 
shore of Half Moon Lake, 600 feet east of the end of the road. The 
dike, some 5 feet wide, crops out over a length of about 100 feet. 
The rock looks like a melaphyre, with scattered black crystals, 
2-4 mm. across, in a dark ground-mass. The contact looks mostly 
sharp and magmatic, but some parts of the contact show even grada
tions, other parts show a 2 inch intermediate zone. Under the micro
scope the black phenocrysts appear to consist of green hornblende. 

Fig. 6. First generation dike, at the trail south on Doubletop Mountain, 

between Willow Lakes and Section Corner Lake. The dike is strongly folded 

and is cut and invaded by aplite. Dark areas are little altered, and the lighter 

areas are metasomatically altered to a dioritic composition. 
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In the ground-mass most pyroxene grains are altered to hornblende. 

The plagioclase is to a considerable extent replaced by quartz, possibly 

as much as 30 per cent. The granite, taken one inch from what 

seemed a fairly sharp contact, proved to have big crystals of horn
blende, the same pseudomorphs after pyroxene as in the dike itself. 
These facts indicate a migration of basic matter from the dike into 
the bedrock, and probably also an invasion of quartz and feldspar 
into the dike from the adjacent granite. 

Irregular basic bodies. Eig bodies of metamorphosed, basic rocks 
are scattered all over the region. They seem to be especially big in 
the high peaks northwest of Freemont Peak up to Green River Pass. 
When invaded by aplite veins, they form the agmatites, mentioned 
on p. 6. All samples of such rocks, even from dark inclusions only 

a foot across, contain some pyroxene, with hornblende as an alteration 
product of pyroxene. Thus it is obvious that all dark inclusions are 
partially metamorphosed igneous rocks, mostly gabbros. It is then 
near at hand to suppose that the migmatite gneisses all are derived 
from granitization of a gabbro complex. That possibility seems 

less likely, though, because the small meta-gabbro lumps, 30-50 feet 
across, show approximately the same degree of metasomatism as the 
dikes. They are altered to feldspar porphyroblast schists only in the 

border zone, or small lumps 10-20 feet across may be completely 
changed into such rocks. Other bodies seem only to have been meta
morphosed. The author's interpretation is that the basic intrusions 
are later than the general metamorphism and metasomatism, and 
that there are two generations of intrusions, corresponding to two 
generations of dikes. 

One body of meta-gabbro situated at the eastern shore of Fremont 
Lake in the middle of the northern half of the lake demonstrates 
granitization particularly well. The length along the shore-line is 
l Yz mile. A sample of what seemed to be only metamorphosed gabbro, 

consists of andesine (40 An) , 50 per cent biotite, and 10 per cent 
quartz, obviously replacing the plagioclase. In another greenish meta

gabbro the femics are completely altered to chlorite, which also 
replaces the plagioclase to a considerable extent. Replacement quartz 
makes up 15-20 per cent of the rock, still without any formation 
of microcline. 

The more ordinary granitization is demonstrated by the northern-
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Fig. 7. Specimen from northern part of the meta-gabbro at Fremont Lake. 

The lower right tip is a greenish dioritic rock; towards the left microcline porph

yroblasts and quartz grains (not seen on photo) start growing, so that the 

central left part of the specimen is a microcline granite with "replacement 

appearance". 

most part of the massif, where rectangular microcline tablets start 
growing, increase in number, and, being accompanied by quartz, 
change the dark rock into a porphyroblast granite. The latest thing 
to happen was the invasion of microcline granite aplite. 
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Late pre-Cambrian dia base dikes. 

Three dikes have been found which cut through all other struc
tures. "The Black Dike", which crosses Silver Lake, can be seen to 
continue at least 8 miles; it has a beautiful ophitic structure, and it 
is a typical diabase. The easternmost dike at Washakie Creek is 
rather unusual, with essentially monoclinic and orthorhombic pyroxe
nes in a glass base. 

The existence of a few late pre-Cambrian diabase dikes is men
tioned. by Baker (1946, p. 568) from the Green River Lake area and 
two dikes have been mapped by Richmond (1945) ; the northern one 
is situated at the northern boundary of the map (Fig. 2) and the 
other occurs southwest of Green River Lakes and is covered by the 
legend in Fig. 2. 

Discussion of the o ri gin of the rocks . 

The observations leave no doubt that a regional metamorphism 
and metasomatism has taken place in the region described. By meta
somatic replacement geosynclinal sediments were altered to grano
diorites, possibly part of the rocks were derived from granitization 
of gabbros. 

The last type of metasomatism was a K-replacement, with forma

tion of microcline at the expense of oligoclase. But the existence of 
granodiorites with big plagioclase porphyroblasts seems to suggest an 
earlier Na-metasomatism. However, the irregularly occurring K-meta
somatism gave birth to a region of granitic rocks with rapid variation 
from granites to granodiorites, and quartz diorites, and even diorites. 
The transition between these rock types is usually gradational, but 
relatively sharp contacts may occur. Thus Baker (1946, p. 567) 
writes: "With an eruptive contact west of the metamorphism is an 
�xtensive granite intrusion overlapped further west by Cambrian". 
The writer has also seen such an "eruptive contact", where a geologist 
ar;:cording to the old classical views sees a porphyritic granite sending 
apophyses into a medium-grained granodiorite. The contact is not 

magmatic, however, but metamorphic. A non-believer in replacement 
processes might interpret such a contact as a metamorphosed igneous 

contact, but the present author is certain of the following interpreta

tion: During shear movement within one zone of the gneissose grano
diorite invading solutions deposited a band of microcline porphyro-
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blasts, changing the primary rock to a porphyroblastic granite with 

a seemingly sharp contact to the granodiorite. 
The type of granitization in the area is not syn-tectonic, since 

no regional strike developed, but it is obvious that the main granitiza
tion took place in the end of the tectonic period, for the nebulitic 
gneisses usually show folding, which, in places is quite intense. The 
first generation of basic dikes and bodies belongs to this late tectonic 
period, whereas the partial assimilation of basic rocks of the second 

generation seems to belong to a later period of post-tectonic or static 
granitization. 

Generally speaking the rocks of the investigated area are charac
terized by retrograde metamorphism. Thus the basic bodies show 

all degrees of alterations of the pyroxene, from equal amounts of 
pyroxene and hornblende to only a few remnants of pyroxene, the 
rest being altered to hornblende, biotite, and sometimes also chlorite. 

Also the medium-grained granitic rocks show that a similar lack 
of equilibrium is fairly frequent, mostly with the transition horn
blende-biotite, but also with pyroxene-hornblende-biotite, and 
pyroxene-biotite. But many rocks of this group may have reached 
equilibrium, carrying only biotite or, in few cases, only chlorite. 

The granitic rocks with porphyroblastic feldspars are strikingly 
different. They all contain a brown biotite as the only femic mineral. 
This suggests that equilibrium was more easily obtained during the 
metasomatism resulting in big feldspar porphyroblasts, than during 
other types of metasomatism or during metamorphism only. 

The establishment of two generations of basic intrusions is fairly 
well ascertained by macroscopic observations, but it is astonishing 
to find that no difference in degree of metamorphism is found between 
them. Thus one phase of the retrograde metamorphism must be 
relatively early, but such metamorphism continued throughout the 
intrusive periods in a rather irregular way, as also might be expected 
by static granitization. 

In conclusion the geological events may be summarized as follows: 

l. An area of geosynclinal sediments underwent late tectonic 
granitization. The last stage was the formation of aplite
pegmatite veins. 

2. Intrusions of basic dikes and irregular bodies occurred throughout 
the area. 



PETROLOGIC RECONNAISSANCE 17 

3. The basic intrusions were metamorphosed and partially gran
itized. 

4. A second generation of basic intrusions invaded the area. 
5. The younger intrusions were altered by a faint regional meta

morphism which was accompanied by replacement processes to 
a very limited extent. The metamorphism faded out by formation 
of aplite- pegmatite veins, an inch to a foot wide, the thinner 
ones irregular and some of the widest ones straight-'ined and 
persistent for miles. 

IJ. The area was invaded by scattered ultrabasic to basic dikes in 
much later pre-Cambrian time. 

7. In Tertiary ( ? ) time the area was uplifted by steep-angled upthrust 
faults, in places with overthrust character. 

The above strict age relations may be modified in several ways. 
The metamorphism of 3 may be a continuation from l. In the same 
way the basic intrusions may be scattered over a time interval during 
which the metasomatic replacement processes were dying out, thus 
accounting for what seems to be rocks transitional between first and 
second generation intrusions. 
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