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ABSTRACT

The Lower Clear Creek Area occupies approximately three square miles 
of the Front Range one mile west of Golden, Jefferson County, Colorado.
A brief discussion of the geomorphology of the Front Range in the vicinity 
of this area is given in order to explain some of the more obvious erosional 
surfaces. The rock types discussed are grouped under the following rather 
arbitrary classifications* andesine-quartz-biotite gneiss complex; horn
blendite complex; hornblende schist; hornblende and biotite schists; garnet 
gneiss; aplites; pegmatites. Combined with field evidence petrographic 
determinations have augmented the proofs in support of various structural 
contentions. Briefly, the large structures of this area are* first, a 
westerly trending, easterly plunging, isoclinally folded syndine, the axial 
plane of which dips to the south about twenty degrees; second, basic rocks 
which later intruded the gneiss further complicating the structure; third, 
westerly trending faults and dikes of different ages, and northerly trend
ing faults and dikes of different ages which cut this folded and intrusive 
complex. The history of the area is discussed briefly. Geologically, 
there appears to be nothing of economic value in this area.
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INTRODUCTION

The Lower Clear Creek Area occupies approximately three square miles 
of the Front Range one mile west of Golden, Jefferson County, Colorado*
It is bordered on the east by the contact with the Paleozoic sediments, 
and extends 2.3 miles west from it as a rectangle 1.3 miles wide that es
sentially encloses the lower course of Clear Creek near its debouchementi
from the mountains. The area was studied in an attempt to evaluate the 
petrography, petrology and structure of this portion of the metamorphic 
complex. Mapping was executed during the summer of 1950 and the school 
year 1950-51* The modus operand! was simple, albeit lacking in precision. 
An enlarged aerial photograph of the area, the scale of which was approx
imately 6^0 feet to the inch, was utilized as a base map, the geology 
being directly plotted thereon* Foliation, lineation, jointing, faulting, 
lithologies and contacts are shown by symbols.

Primary effort was given to the study of structure in the metamorphic 
rocks. Petrography and petrology were not so greatly emphasized but were 
required in order to prove the structural contentions. Geomorphology and 
economic geology were not studied in detail and are included only for com
pleteness. The history of the geology was considered fairly important, 
however, since it serves to consolidate the structural and petrographic 
evidences.

Acknowledgment is hereby made of a personal debt of gratitude to Dr. 
Warren Wagner of the Colorado School of Mines for his criticisms of this 
work. Although opposed to certain personal views in many instances he has 
been forthright in his permitting them to be expressed here. Also thanks
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are due to Dr* Truman H* Kuhn, Professor George Fraser and Mr* Ok Joon 
Kim for personal advice freely given during discussions on related fields 
to those studied for this thesis*



GEQHORPHOLOQY

A brief discussion of the geomorphology of the Front Range in the 
vicinity of this area is given in order to explain some of the more obvious 
erosional surfaces* The relation of structure and lithology to topography 
is briefly treated in order to show how it aids in the mapping process*

Regionalt This region exhibits fairly well the development of erosional 
surfaces, their modifications, and their continuity* Since a study of the 
Front Range physiography has already been made in detail by Van Tuyl and 
Lovering (1935* p* 1299), it is advisable to draw from their work to explain 
the features found in this area, adding any pertinent and new information 
uncovered in the course of investigation*

,1The major surfaces of the five early erosion cycles are as follows*
(1) the Flattop peneplain, from 11,000 to 12,800 feet**.; (2) the Green 
Ridge peneplain, from 9>700 to 10,700 feet..,; (3) the Cheyenne Mountain 
peneplain, from 9,200 to 10,700 feet...; (U) the Overland Mountain pane- 
plain, from 3,300 to 9,200 feet...; and (5) the Bergen Park peneplain, from 
7,14.00 to 8,200 feet, middle Miocene..,. The later cycles of less importance 
include* (1) the Flagstaff Hill berm, approximately 7,000 feet at the 
mountain front, early Pliocene; (2) the Mount Morrison berm, from 6,1*00 to 
6,800 feet at the mountain front, late upper Miocene; (3) the Orodell berm, 
from 5,900 to 6,800 feet at the mountain front, late Pliocene* In addition 
to theee surfaces there are three to five rock terraces strewn with Pleistocene 
gravels, lying from 20 to 1*00 feet above the major streams where they leave 
the mountains.1’ (Van Tuyl and Lovering, 1935, P* 1299)
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Local? As seen from the east the lower Clear Creek area ie developed below 
a partial peneplain represented by a series of remnant* of which Lookout 
Mountain is one* This has bead termed the Lower Bergen Park surface, the 
elevation of which is between 7,5>00 and 7*900 feet* An ancient valley floor 
is represented now by remnants at the general level of the summit of Mt*
Zion* This represents the Flagstaff Hill berm, the elevation of which varies 
but little from 7*000 feet. Incised into the Flagstaff Hill berm is yet 
another, leas broad valley, the Mt. Morrison* A remnant of this surface 
is represented by the north shoulder of Mt. Zion on Ttfiich the Lookout 
Mountain road makes two hairpin turns. The limits of elevation of this 
erosional surface are 6fU00 and 6,^00 feet. The last paleo-surface developed 
in Clear Creek Canyon, the Orodell, is manifest by stream gravels on the 
slopes not far above the present creek bed and by minor spurs along the 
canyon walls* The elevation of this incipient stag© of erosion seams to 
be 6,25>0 feet.

In the area mapped there is a representative surface of the Lower 
Bergen Park cycle of erosion* Of the Flagstaff Hill berm there are but 
two, Mt. Zion, and the unnamed hill 7,300 feet west-north-west from the 
former. There are many surfaces which can be correlated with the Mt* Mor
rison berm and a few which seem to belong to the Orodell surface* Apparently 
development of the latter was not great enough to reduce the former to any 
great extent before it too became extinct and suffered incision* At the 
present Clear Creek is cutting a new canyon for itself in adjusting to a 
new uplift or a climatic change.

Clear Creek has been considered to be a superimposed meandering stream*
A cursory glance at the map would seem to verify this observation. But 
there is more to the history of the stream than this* From a detailed study
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Siof the geology it has been learned that Clear Creek has adjusted itself 
to structure. There is ample evidence that the stream has been guided by 
faults and joint systems.

Although it may originally have been developed as an entrenched meander
ing stream Clear Creek has now been modified to such an extent that it can 
no longer be ao regarded. The nearly right angle bends which the stream 
makes, its parallel alignment with faults and joints, and the parallelism 
of different segments of its course are all excellent indications of this 
adjustment. fo what extent structure has modified the course of the stream 
is not known exactly but it seems as if superposition and adjustment to 
structure have played about equal parts in the development of the present 
course.

Excellent reflection of lithology and structure in the topography was 
utilized in the mapping procedure and certain general rules maybe applied 
for this area. Basic rocks were found to weather more rapidly than acidic 
ones. Differential weathering of aplites, homblendites, hornblende and 
biotite schists produced saddles on ridges, depressions on slopes and 
changes in elevation at all contacts. Such reflections were invaluable in 
mapping. Ridges were formed by pegmatites and granitic gneisses. Most 
faults, fractureszones and joints formed gullies and saddles on ridges, 
and, although not definite evidence of faulting, such topographic reflection 
always elicited suspicion regarding their origin. Folding produces no 
marked affect and such structures as domes, synclines and faults scarps are 
nowhere manifest by the topography.



PETROGRAPHY AND PETROLOGY

The problems which are discussed in the local study are many but the
chief ones are theses heterogeneity of the large andesine-quartz-biotite
gneiss complex due to structural differences, homogeneity due to mineral-
ogical similarities; relationships between the horriblendites and the
gneiss complex; rheomorphism;. retrograde metamorphism; changes in original
sedimentation now manifest in changing lithologies; and dikes and minor
problems concerning them.

The rock types discussed are grouped under the following rather
arbitrary classification!

Andesine-quartz-biotite gneiss complex
Hornblendite complex
Hornblende schist
Hornblende and biotite schists
Garnet gneiss
Aplites
Pegmatites
Discussions concerning them are based upon field studies and some 

thin sections. Since only twenty-five sections were made for this thesis, 
all too few in light of the problems encountered, the petrographic con
clusions drawn can be not conclusive, only indicative. Combined with field 
evidence, however, such petrographic determinations as were made have 
augmented rather than diminished the proofs far the reasons given in sup
port of the various contentions.

Regional! Although the geology and petrology of the Front Range and the 
components of the various members found in that complex are extremely 
varied and confused, the following generalizations appear tenable: The
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Idaho Springs sediments were deposited before the intrusion of the Pikes 
Peak and Silver Plume batholiths, At some time after deposition, perhaps 
contemporaneously with the above-mentioned intrusions, metamorphism and 
possibly injection of the basic igneous rocks occurred. Subsequently 
pegmatites and various dikes cut the area. The Idaho Springs formation 
now comprises those metasedimenta, now quartzites, hornblende schists and 
various other schists and gneisses. The area mapped for this thesis lies 
in the Idaho Springs formation, and though intruded by numberless pegmatites, 
seems unrelated to either of the two batholiths mentioned above.

Local: Only a brief introduction to the local petrology is required since
the discussion concerns details mostly* The dominant rock type in the area 
is an andesine-quartz-biotite gneiss complex differentiated structurally 
but not mineralogically into three subdivisions: migmatite, lit-p&r-lit
gneiss and undifferentiated gneiss. In the northern portion of the area 
various hornblende and biotite schists occur and in the western portion 
hornblendites of slightly variable composition have been intruded. ’Westerly 
trending aplite dikes and both northerly and westerly trending pegmatites 
have been intruded. In the southeast corner of the area is a minor out
crop of a garnet gneiss. The rock types are not unusual and are fairly 
easily recognized in the field.

Andesine-quartz-biotite gneiss complex: This unit consists of three
structural "sub-facies”: migmatite, lit-par-lit gneiss and undiffer
entiated gneiss. The migmatite occurs near the fold axis in Clear Creek 
Canyon and is apparently coextensive with the axis; the lit-par-lit gneiss 
is parallel to and grades into the migmatite at a distance north and 
south from the fold axis; and the undifferentiated gneiss occurs mainly
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to the south, parallel with the others* The gneiss complex extends from 
the eastern boundary to the western, from the southern almost to the 
northern* In it are included the schists of the northern part of the area 
and the garnet gneiss in the southern; intruded into it are the various 
dikes and hornblendite masses; it forms the backbone of Mt* Zion and most 
of the ridges and peaks west of the area for some distance* The thickness 
is unknown, but must be several thousand feet if not a mile or more (See 
Plate II), Since it is the outcropping rock on the southern border of 
the area, and since it is dipping to the south, the thickness cannot be 
measured or computed from the geology of this map* The thickness of the 
migmatite seems to be of the order of magnitude of hundreds of feet (See 
Plate II), and probably does not greatly exceed 1000 feet. The lit-par- 
lit gneiss, which is gradational with the migmatite and the undifferentiated 
gneiss, is about 1000 feet thick, more or less. The undifferentiated 
gneiss makes up the rest* Isoclinal folding has apparently increased these 
thicknesses. Crestal flowage has probably further increased the thickness 
an unknown amount.

The migmatite (Fig. 1) is easily identified in the field. It has been 
severely ptygmatically folded, differentiated into mafic and felsic folia.
At the crests of the ptygmatic folds, the biotite flakes cut across the 
felsic folia, but along the limbs of the folds the biotite flakes are con
formable to them. The biotite, quartz and feldspar grains are easily iden
tifiable in the hand specimen. This rock fomns the steep walls along much 
of the new highway in the canyon.

The lit-p&r-lit gneiss (Fig. 2) is not nearly as greatly differentiated 
as the migmatite. The folia are thinner, planar, and usually decrease in 
number per unit linear distance with increase in distance from the fold 
axis. The biotite grains are conformable; the minerals, which are the
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same as those in the migmatite, are still easily identifiable although 
the unchanged felsic crystals are smaller than those in the migmatite.

The undifferentiated gneiss (Fig. 3) has none of the lit-^ar-lit 
structure. It is gradational into the lit-par-lit gneiss, is much darker 
and is composed oft the same minerals although they are much smaller. The 
rock has a lesser degree of heterogeneity than the lit-par-lit gneiss*
The southern part of the area is composed of this rock and its best ex
posures are along the Lookout Mountain road in that sector.

The contact relationships of the gneiss with the hornblendite mass 
in the southwest corner of the area give rise to much speculation. An 
interpretation given here seems reasonable and fits the facts fairly well*

The facts are theses At various places along the Clear Creek high
way, notably 700 feet north of the turn in the road at the extreme south
west corner, 1900 feet east and 3000 feet east, just around the bend in 
the road, on the north side of the Creek, there are inclusions of the 
hornblendite in the gneiss complexI (See Fig. U) These inclusions show 
all degrees of disintegration; foliation in the gneiss flows around them, 
small dikes of gneiss material cut them, and in places the gneiss seems 
even to assimilate them. More unusual, two dikes of the gneiss material 
cut the hornblendite (See Fig. f>), a small on© on the western boundary of 
the body and the other (noted on the map) and larger in the eastern part 
of the mass* The cross-cutting hornblendite dike in the gneiss as noted 
on the geological map is obvious, of course.

The problem posed by these occurrences is not a slight one. From 
field relationships and petrographic study the hornblendite (actually a 
hornblende-plagioclase-toiotite rock) can be undoubtedly classed as igneous, 
or metaigneous. The origin of the gneiss is in doubt but it seems to be
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a metasediment. How, then, can a metamorphosed sediment include and 
intersect an igneous rock?

Is it possible that metamorphism -was so great that the gneiss was 
almost fluid; or that at least the felsic minerals were fused, the biotite 
remaining solid in the "mush"; or that, even though plastic, the gneiss, 
under high pressures due not only to load but also to the compression which 
caused folding, was injected and sundered the intruded and included horn
blendite? For this or a similar process Shand uses the tern rheomorphism 
which is defined in his book by H. 0. Backlund (Shand, 19U9, p* 259) *s 
M,the sura of the processes of partial or complete thermal liquefication 
of a pre-existing rock with addition of smaller or larger quantities of 
new material which has entered by diffusion.*'* Shand*s comment to this? 
,fbut he gives no indication of the source of this new material.** There 
seems to be no absolute reason for the acquisition of new material, by 
diffusion, injection or any other means. This argument and line of reason
ing are further and more fully treated under the discussion of Foliation 
and Ptygmatic Folding under Structural Geology.

Although the relationships between the migmatite, lit-par-lit gneiss, 
and the undifferentiated gneiss are fairly clear in the central portion 
of the area, they are not in the eastern, on the flank of Mt. Zion, and in 
the western, where the hornblendite has complicated things somewhat. 
However, the lithologic relationships on the eastern flank are so complex 
that only detailed mapping - 50 feet to the inch - will prove of value in 
delineating them and on the western boundary more mapping south and west 
of the stream is needed to settle the relationship problem there. This 
question will be discussed further under Structure.

In the northern portion of the area this complex seems to enter into
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involved contacts with the inter fingering me ta sediment 3 that begin there* 
Detailed mapping is also needed here in order to resolve the relationships.

From microscopic studies of the three types involved the following 
results were obtained: all three rock types are composed principally of
quartz, biotite and ancjesine. The accessories are the same in all three 
types; corundum, zircon and sphene. The accessories occur as well-rounded 
grains. Corundum crystals occur as inclusions in quartz, an anomalous 
condition if the rock is of igneous origin* The percentages of the min
erals in the three types are roughly the same:

Quartz U$%
Biotite
An de sine ijOjg

(Abfcj A1135) _____
Total 100*

In the gneiss associated with the hornblendite at the western edge 
of the area the corundum crystals are larger and more or less euhedral 
although slightly rounded; the biotite has a high iron content (much darker 
and pleochroism colors the same, very dark brown); the plagioclase is more 
calcic (Ab^£ Anj^) than usual; and the quartz grains contain lines of in
clusions. The general texture is coarser than in the rest of the gneiss 
complex. Field relationships indicate that this is still part of the 
gneiss complex so that the above chemical changes seem a result ef the 
rock!s propinquity to the large hornblendite mass which was originally 
probably a diorite.

The northern part of the area has a gneiss which closely resembles
the rest of the gneiss complex. Here, however, zircon is abundant, corundum

*very minor and biotite somewhat less abundant than in the gneiss complex. 
There is minor mlcrocline, more quartz, and the same amount of andesine. 
The structure is cataclastic and most grains are under 1 mm. in average
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diameter. By Chapman (19M, P« 13)* this rock has been called a gneissic 
biotite quartzite but in this thesis it will be included in the general 
gneissic body and be considered only a subdivision of it.

The migmatite in Clear Creek Canyon has, beside the usual quartz,
biotite and andesine the following mineralsi zircon, corundum, sphene
(all as before, well-rounded), magnetite, minor orthoclase and microcline.

«The crystals are usually strained, the biotite flakes are curved, the 
plagioclases show albite and pericline twinning and curved twinning lamellae, 
the quartz exhibits strain shadows. Cataclastic structure, although not 
common, is present.

The undifferentiated gneiss contains minor muscovite, orthoclase and 
magnetite. The biotite length-width ratio, as in the other components of 
this type, is about 3*1* The accessories are well-rounded. Quartz, ande
sine and biotite are, of course, the principal minerals.

In general the structure is gneissic to granulose; the grains manifest 
strain, the plagioclases by curved albite and peri cline twin-lamellae, 
the biotite by curved cleavages and the quartz by undulatory extinction.

'Where the pegmatite injections have been especially severe and more 
pervasive, the rock is saturated with orthoclase and microcline. The more 
distinct pegmatites, those with sharp boundaries, seem not to have affected 
the rock in this way. Most of the ptygmatic folding observed on the 
eastern flank of Mt. Zion has been formed in this way but the true structure, 
even so, remains obscure. In Clear Creek Canyon the migmatite has apparently 
been either differentiated severely, the process considered more probable 
in this thesis, or else intruded by light gray igneous material consist
ing of quartz, andesine and minor orthoclase with some microcline. There 
will be further discussion on this under the heading of Foliation and 
Ptygmatic Folding.
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Hornblendite complex! In the southwestern portion of the area mapped is 
a basic complex of orthogneisses whoB© primary constituent is hornblende.
It is composed of three separate bodies, an eastern mass, a central dike 
and a western mass. The eastern one is a massive hornblendite about 200 
by 200 feet in extent that has apparently intruded the migmatite. It can
not be delineated on the western and southern boundaries sufficiently well 
to enable one to determine its true extent and thickness. The central dike 
is a complex array of horhblendites, plagioclase-hornblenditea and horn- 
blende-porphyry, plagioclase-rich rocks of extremely variable composition.
It is nowhere greater than fifteen feet thick, usually less, and over its 
entire length of 2,500 feet there seems to be little variation from fifteen 
feet. The western mass in the extreme southwest corner of the area is the 
largest of the three bodies, 600 feet wide in a northerly direction and 
2000 feet long in a westerly direction.

The inclusions of this rock in the gneiss contain more biotite, now 
altering to chlorite, than the hornblendite mass and show a pronounced 
foliation. Minor stringers of felsic material cut the inclusions and ap
pear to have come from the gneiss. These inclusions may be observed in 
many places along the highway In the southwestern corner of the area.

Slides were made from this complex and microscopic examination re
veals the followingi the plagioclase is anorthitej hornblende is high in 
iron and usually forms most of the rock, although In places the plagio
clase may occupy as much as seventy percent of the rock. The plagioclase 
is in many places almost completely altered to sericite and apparently 
weathers much faster than the hornblende. The few accessories are opaque 
minerals, all identified as magnetite, that occur mainly with the horn
blende and biotite but also in minor amounts with the plagioclase. The
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crystals are generally somewhat larger than 1 mm. and may be as large as 
3 mm# in average diameter. The texture is hypautomorphic granular. From 
the above evidence it seems almost certain that the rock in question is a 
diorite or metadiorite and not a metasediment.

Hornblende schistt Occurring as a westerly trending belt in the western 
hornblende mass is a schist composed mainly of hornblende, and lesser amounts 
of plagioclase, quartz, biotite and magnetite. It is well banded, dark and 
fine grained. The position of this schist is peculiar, lying as it does in 
the hornblendite mass. Of doubtful origin, the facies seems to be a para- 
schist because of a very high (8t$£ by chemical analysis) titanium content.
It may have been included in the igneous rock but there is little proof 
for this. The rock is composed of the following mineralst

Hornblende 5>0%
Biotite- 10%
Quartz l£%
Plagioclase (Ab££ An|^) 15%
Ilmenite 10%
Total 100%

Minor corundum and apatite occur, the former as rounded grains, the latter
as good crystals. There is also some sericite. The megascopic and micro
scopic structures are schistose. There is some cataclastic structure and 
quartz exhibits undulatory extinction indicating strain.

Hornblende and Biotite schists I As shewn on the map, a series of horn
blende and biotite schists occur in irregular and linear masses in the 
northern portion of the area and also throughout the northern half of the 
area in minor amounts too small to map* Megascopically they are difficult 
to separate, and since it is believed that they represent different facies
of one rock group, they trill be considered separately here. A rock very
closely associated with this group has already been described, the hornblende
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schist which occurs within the hornblendite mass in the southwest corner 
of the area* Due to its peculiar disposition in and relationship with 
the hornblendite, it was deemed advisable to treat it separately#

The rocks in this group fora a minor portion of this area; yet it is 
possible that they indicate a very important change in the original sedi
mentary conditions* Although ninety per cent of the area is composed of 
the andesine-quartz-biotite gneiss complex, there is a gradual change from 
that type into the most schistose and more varied lithologies encountered 
in the regions to the north* There is, a remarkable change in the rock 
types north of Clear Creek. To a great distance south of the Creek the ■ 
rock types remain essentially the same, but here in the neighborhood of 
Clear Creek sudden faoies changes occur and these schists herald that change* 

The rocks are fairly variable but essentially they may be grouped 
under the following headingsI

Ho m b  lende-epidote schist 
Homblende-plagioclase schist 
Biotite-plagioclase-quartz schist

The horablende-epidote schist contains the following minerals; 
hornblende, about epidote, variable$ calcite, variable) quartz, plagio
clase, andesine and sphene, all in minor amounts; and sericite, an alter** 
ation product of the plagioclase. The structure is generally granulose 
although the rock is megascopically schistose. Calcite, quartz, plagio
clase and epidote form parts of, or in some cases, most of the light 
colored foliaj hornblende, calcite, epidote, plagioclase and quartz fora 
the dark bands. This rock type has been adequately described by Qabelman 
(1<?U8, p# 29) and, along with the other two here described, is well repre
sented in his area*

The hornblende-plagioclase schist is peculiar. It is essentially 
hornblende and plagioclase. The plagioclases are variable, however.
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Bytownite (Ab££ An*jr̂ ) occurs most frequently (optically negative with ex
tinction angles up to UO degrees) but optically positive plagioclases 
occur whose 2V is near 80 degrees* The reason for the variation is not 
known. Quartz was not observed in the slides examined* The crystals were 
generally about 0*5 mm. for hornblende and plagioclasf^and both were euhedral 
to subhedral* Sphene and zircon occurred as accessories and in many cases 
they were well rounded. The plagioclase was altered in some places to clay 
and 8ericite. This rock has also been described by Gabelman (19U8, p* 25) •

An example of porphyroblastic magnetite in leucocratic portions of 
this gneiss (Fig. 6) was also noted in this area a few hundred feet west 
of the highway by the first turn in the Creek directly south of the tunnel* 
The magnetite crystals are subhedral to euhedral, occur with their elongate 
axis parallel with the short axis of the ellipsoidal-shaped leucocratic 
portion of the rock in which they exclusively occur. The long axis of 
the leucocratic ellipsoid is parallel to the lineation in the rock. Why 
the magnetite crystal should form normal to the lineation is a mystery. 
Similar occurrences were noted by Gabelman whose explanation for their oc
currence seems satisfactory although proof is lacking*

The third and last representative of this class of rocks is the biotite- 
plagioclase-quartz schist. The plagioclase and quartz occur in approximately 
equal amounts, about forty per cent each, and the biotite accounts for the 
rest except for minor microcline. The plagioclase is oligoclase which 
contains large amounts of poeciloblastic rounded grains of quartz. The 
average grain sizes are about 0.5 mm. although some are as JUirge as 1 mm. 
Corundum, zircon and sphene are the accessories. The texture is essentially 
granoblastic but varies to schistose. Gabelman (19U8, p* 23) calls this 
rock a "gneissic biotite quartzite."
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Garnet gneiss: A garnet gneiss occurs in the extreme southeast corner of
the area. Three other outcrops of this gneiss were found but seem to be
of minor importance. One is a few hundred feet west of Windy Saddle,
another south of the road 1700 feet south of the Colorado School of Mines*

on Mt, Zion and a third was found a few hundred feet west of the first
noted, major outcrop in the southeast corner. (See geological map)

This major outcrop of the garnet gneiss consists of three narrow
ridges of minor proportions. The gneiss disappears to the east under the
sediments, and disappears to the west for no apparent reason. In extent
it is only about seven hundred feet.

The gneiss is foliated and contains garnet phenocrysts up to 3 cm.
in diameter, a feature which permits easy identification of the rook. The
minerals present are the following:

Garnet $%
Quartz hO%
Biotite 25%
Plagioclase (Ab^Q An^n) 30#
Total 100^

The garnet occurs as porphyroblasts from 1 mm. to 3 cm. average diameter 
and is roughly equant although some are slightly elongate. Quartz grains 
occur usually as equant crystals which are from less than 1 mm. to 3 nan. in 
average diameter, contain lines of inclusions and exhibit undulatory ex
tinction. Biotite forms in platy crystals, the length-^ridth ratio of 
which is about three to one, containing many zircon crystals with typical 
and very strong haloes) plagioclase is about eighty per cent altered to 
clay and sericite. Muscovite (occurring in garnet cracks) and zircon are 
the accessories. The texture is granulose to gneissic, the latter chiefly 
due to the biotite, the former to the quartz.

The importance of this rock type lies in its indication of retrograde
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metamorphism, There are several evidences which indicate this possibility* 
First, in rocks contiguous with the garnet gneiss there are relict garnet 
porphyroblasts almost completely altered to chlorite. Second, the random 
occurrence of the outcrops is indicative of a previously more widespread 
development of the type although the possibility that large faulting, no 
evidence for which has been found, caused the apparent dislocations noted 
cannot be totally dismissed. Nor can the possibility that the outcrops 
represent original facies differences in the pre-metamorphosed rocks be 
disregarded. Third, the composition of the garnet gneiss is not radically 
different from that of the andesine-quartz-biotite gneiss which totally 
surrounds it and is so extensive in the southern portion of the area* The 
plagioclase content is calcic albite in the garnet gneiss and sodic andesine 
in the surrounding gneisses. Garnet is developed in it, the only important 
difference noticeable, but, as mentioned above, even in the surrounding 
gneisses relict porphyr oblasts of what appear to have been garnets are noted 
in many places*

The reasoning is further based upon the following statements from 
Turner (19U8)♦ On page 300, under a classification of the various types 
of metamorphism and what occurs to the mineral components upon retro- 
gression he has listed under the heading:

"(b) Regional metamorphism followed by retrogressive metamorphism:
Almandine ------^  Chlorite"

On page 301 he states, r,In some cases, e.g., in Scotland, Norway and South 
Australia, lenses of eclogite occurring in banded injection gneiss are 
interpreted as residual remnants surviving from initially much more ex
tensive masses, now represented largely by the amphibolite component of 
the encloslî g injection gneiss.11 The former statement is evidence, per 
se; the latter, evidence by analogy. The garnet gneiss occurs in random
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and discontinuous "lenses” in the gneiss which is not totally different 
in bulk composition. Also* since there occurs in the northern boundary 
of Chapman’s thesis (19148) area such a garnet zone closely associated 
with a gneiss of similar composition to the one surrounding the garnet 
gneiss in this area,and since the two zones are correlated, albeit ques
tionably, it seems reasonable to believe that this garnet gneiss was at 
one time more extensive. The probable reason for the greater continuity 
in Chapman’s (19W) thesis area is the higher degree of raetamorphism at
tendant upon the intrusion of the Golden Gate Stock and the resultant less 
complete retrogression. Noticeable also is the aura of garnet-rich gneisses 
which occur on both sides of that particular garnet zone. The same con
dition of a definite garnet bed bordered on both sides by a garnet-rich 
"halo" is found north of the stock in Golden Gate Canyon (Chapman, 19U8, 
p. 33)#

Aplitesi Three aplite dikes have been observed in the central and south
west portion of the area. The northern dike is massive, fine grained, 
jointed severely, gray on fresh surfaces and brownish gray on weathered 
surfaces. Phenocrysts of mica about 1 mm. long, and of undetermined 
plagioclase of at most 2 mm. average diameter can be detected in hand 
specimens. The central and southern dikes are lineated, fine grained, 
jointed, gray on fresh surfaces and only slightly browner on weathered 
surfaces. Phenocrysts of hornblende of 1-2 mm. average length which form 
a pronounced lineation in the specimen may be easily detected. The linea- 
tion in those two dikes is the best megascopic clew to their identification* 

Microscopic epcaminations have been made of the northern and central 
dikes. The southern dike seems to be almost the same as the central. The 
groundmass of the northern dike is fine grained, 0.1 to 0.01 ram. quartz
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and orthoclase. Muscovite, biotite, end magnetite occur in minor amounts. 
Some of the biotite occurs as phenocrysts. Phenocrysts of plagioclase, 
ninety-five per cent altered to clay and sericite, occur throughout. One 
quartz phenocryst was also noted.

The central dike consists of grains larger than those in the above- 
mentioned dike, these being from 1 mm. to 0.1 mm. average diameter. Also, 
in this dike there is much more femic material, the hornblende comprising
as much as twenty-five per cent of the rock. There are abundant accessory
crystals of apatite, rutile, epidote, considerable magnetite and perhaps 
several others not identified. Apatite is the most cosimon and the magnetite,
of which, there is a .fair proportion, is altering to hematite, Lineation
is as obvious in thin sections as in hand specimens.

Pegmatites» Pegmatites are common in this area. They range in size from 
very small injections into the folia of schists and gneisses up to masses 
over half a mile long. Some are definitely discordant, others apparently 
concordant to the foliation; some inject the gneisses cleanly, others soak 
the country rock for many feet; most are microcline pegmatites but some 
are orthoclase; the larger have a westerly trend but in the southeast 
corner of the area there is a group with a northwesterly strike. Massive 
injections of the material have pervaded the rock in the northwest sector, 
increasing the strength of the rock so that erosion is much less effective. 
Pegmatites may have been injected along previous and not contemporaneous 
fault planes. For example, 700 feet north of the north portal of the high
way tunnel there is an injection of pegmatite into hornblende-plagioclaee 
schist. The lineation and foliation of the schist have been severely dis
turbed, most likely not by the force of intrusion, but by pre-intrusion 
faulting. Pegmatites may have obscured previous faults or been intruded
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along them but it is doubted that new movement has been occasioned by in
trusion.

In the hornblendite mass in the southwest corner of the area many 
pegmatites are composed mainly of orthoclase although over the rest of 
the area they are composed primarily of microcline.

Some of the associated minerals megascopically observed in these 
pegmatites are: magnetite in fairly large masses, in the southwest corner
of the area; biotite in books up to two inches across, especially along 
the Lookout Mountain road; and what appear to have been garnets, now altered 
to chlorite, in pegmatites 1900 feet south of the Colorado School of Mines1 
«M" on Mt. Zion.



STRUCTURAL OEOLOOT

Regional structures: To introduce the structure of this area it will be
necessary to describe briefly the broad structural features of the Front 
Range which are pertinent to the following detailed discussions*

The overall trend of structure in the Front Range mineral belt, used 
here because it offers the only known structures, is northeasterly. North
east of Idaho Springs and west of Golden this trend swings easterly. It 
Is in this belt of easterly trend that the area under discussion is situated* 
Faulting occurs in two trendsi northeast in the western portion and north
west in the eastern* The faults projected, but not actually mapped, by 
Lovering into the Golden area have a northwesterly trend (Newhouse, 191*2,
P* 79) • Foliation as mapped by Lovering is variable and shows preference 
for no special dip although the strike is generally westerly nearer Golden* 
Lineation generally has a northeasterly strike throughout most of the 
mineral belt exoept near plutons where it varies to conform with the out
line of the intrusive. The pegmatites shown on Lovering1 s map follow the 
same trend, but since he did not represent the aplite dikes on it, their 
trend, if they are present in the area mapped by him, is not known. In 
the western and northern parts of the mineral belt there are large masses 
of Silver Plume granite. To the south, in the vicinity of Colorado Springs, 
there is a large batholith, older than the Silver Plume, of Pikes Peak 
granite* All are younger than the Idaho Springs formation.

The Idaho Springs formation forms most of the surface outcrops in the 
Front Range mineral belt in the region west of Golden. It is older than
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the Algonkian Pikes Peak granite and -was derived from yet older granites 
according to Lovering, (1929, p. 73)* It consists of metamorphosed sedi
ments, mainly quartzites, shales and arko3es which were later intruded by 
basic rocks believed to be diorites by Lovering (op. cit.). To these 
orthogneisses he gives the name Swandyke gneiss.

The entire mass of metasediments was then folded, probably by the 
forces of intrusion of some of the batholithic masses in the Front Range 
and subsequently faulted, probably during later pre-Cantorian and again 
during the Laramide Revolution. Dffhat effect the formation of the Colorado 
Mountains of Pennsylvanian times had upon the metamorphic rocks of the 
area is unknown. Thrust faulting in many places along the eastern flank 
of the Front Range occurred during the Laramide Revolution, including the 
Golden thrusting near Golden, which further complicated the structure in 
the basement rocks although to what extent it is not known.

Local structure* Briefly, the larger structures of this area may be sum
marized as follows* First, a westerly trending, easterly plunging, iso- 
clinally folded syncline the axial plane of which dips to the south about 
twenty degrees is the major structure of the area. Second, basic rocks 
which later intruded the gneiss complex further complicated the structure 
of the area. Third, westerly trending faults and dikes of different ages, 
and northerly trending faults and dikes of different ages have cut this 
folded and intrusive complex.

Folding i There is reason to doubt the actuality of a large isoclinal syn
cline in this area although the evidence in favor of its presence has been 
examined in detail during the field work for this thesis, and has been ac
cumulated from many places. Reasons for assuming its presence are given 
in detail because of the possibility of two controversial interpretations.
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The evidence which indicates the presence of this fold includes the 
following: extensive lineation assumed to be parallel to the b̂ -axis of
the fold* many minor folds in the area with axes parallel, an outcrop of 
what appears to be the crest of a large ffcld, ag Jointing and regional 
dip of foliation and schistosity.

The lineation (and a more complete discussion of this subject will 
be undertaken under that title) which has been mapped over the entire area 
has a remarkable uniformity of trend* In general it strikes east, plunges 
generally to the east, sometimes to the west, but in places lineation may 
be horizontal. Lineations were almost always parallel among different types t 
mineral elongation, boudinage, fold axes and pencil structures were all 
more or less parallel over most of the area. During mapping, this lineation 
was assumed to be a b-lineation.

According to Turner (19U8, p. 281), "It (lineation of the b-axis type) 
is the tectonic axis of defoliation and coincides with the axis of folding 
contemporary with metamorphism*" This view, then, supports the contention 
that, if the lineation is b, there is folding parallel to it. Cloos (191*6) 
is the foremost proponent of b-lineatioh and has made wide applications 
of his interpretations. It seems generally to be a valid assumption. He 
has stated that lineation must be used with caution lest errors arise by 
mapping one type of lineation or of misinterpreting the type of lineation 
mapped. The structure was mapped carefully for this thesis. The evidence 
accumulated, in the opinion of the writer, is as accurate as was possible 
tinder the circumstances.

There are many minor folds throughout the area. Some are obviously 
associated with faulting. Others may be but cannot be definitely related 
to faulting from present field evidence. These questionable folds and
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others which seem to be true folds not associated with faulting have axes 
which strike east. Dip of axial planes cannot be measured in the large 
monoclinal fold types but in the folds observed in the- hornblende-epidote 
schists in the northern part of the area the axial plane apparently dips 
to the south at an angle fairly close to that of the supposed dip of the 
large fold axis, or about twenty degrees. The axes of the ptygmatic fold
ing, to be more fully discussed subsequently also, show remarkable paral
lelism of strikes throughout most of the area. They are parallel to the 
fold axis of the large syncline, the crest of which is seen in Clear Creek 
Canyon.

This fold, 600 feet south of the hornblendite dike on the west wall 
of Clear Creek Canyon, is shown in Fig. 7. There seems to be no doubt 
that this is the actual crest of the fold. Foliation is steep* almost 
vertical, southwest from the axis and fairly flat dipping higher up on 
the sides of the canyon walls. The entire aspect of the foliation in the 
canyon is in accordance with the attitudes expected from the position of
the crest outcrop.
* .

According to Cloos (19h6) folding in metamorphic rocks gives rise to 
jointing which is perpendicular to the fold axis. It will be noted that 
there is extensive jointing in the area perpendicular to the supposed fold 
axis*

Further evidence maybe adduced if the northward overturned syncline 
is assumed. Rocks outcropping to the south should be repeated in the north 
due to folding. This is evidently the situation here. The rocks in the 
southern part of this area, on the southern and upper limb of the syncline, 
belong to the undifferentiated portion of the andesine-quartz-^iotite gneiss 
complex. On the northern and lower limb, which Is situated on the southern 
side of the Golden Gate stock,there is a series of gneisses mapped by
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Chapman (19U8) the composition of which includes a high percentage of ortho
clase with oligoclase, biotite and quartz in varying and minor amounts.
The difference in the two rock types, those to the north and those in the 
southern portions of this area, is one of slight degree. There is a much 
higher orthoclase content in the northern rock* The plagioclase is calcic 
oligoclase instead of sodic andesine. There is less quartz in the northern 
rock but the biotite content seems the same. In fact, the rock ix i this 
northern gneiss has a greater biotite content, less quartz and oligoclase >
and much more orthoclase. The explanation for this entire change in bulk 
composition is not difficult. The nearness to the stock is the cause of

t
the change in the mineral analysis. Introduction of potash and reaction 
of it with quartz may account for the dearth of quartz and the abundance 
of orthoclase. The difference in plagioclases may be due to two thingst 
first, minor differences in determination of the plagioclases since sodic 
andesine and calcic oligoclase are not far from each other and determina
tions may easily be off by as much as five per cent AbAn ratioj second* 
actual loss of lime or gain of soda, the latter more probably, in the 
plagioclase feldspars. Since potash was introduced,there may also have 
been an increase in soda content which would have changed the plagioclase 
AbAn ratio thus forming oligoclase.

Included in this gneiss to the south is a garnet gneiss which closely 
resembles that which is much better developed in the northern (Chapman^) 
area. Based upon these questionable criteria the rocks in the southern 
portion of this area are tentatively correlated with those && the southern 
portion of Chapman* s thesis area (19U8).

Prom all of the foregoing evidences there seems to be little reasonable 
doubt concerning the presence of this fold. In fact, for a distance of at
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least ten miles west along Clear Creek evidence for this same folding may* 
be observed# It seems highly probable that the fold is regional and not 
simply local* Perhaps one of the reasons why more folding and especially 
ptygmatic folding have not been observed in the region is that erosion hat 
not yet bared the structures so that they can be teen. Clear Creek 
fortuitously eroded its way along the strike and down into this fold#

Foliation and Ptygmatic Folding! These two structures are discussed con
currently because of the intimacy of their relationships#

The most noticeable structure of the metamorphic rocks, in this area 
is their schistosity* The hornblendites, pegmatites and one aplite show 
none of this structure, but the other gneisses and schists are all highly 
schistose or foliated (Marker* 1939# p# 19U). Of the four classes of 
schistosity proposed by Turner (19^3, pp# 276-280) the first two seem to 
be those to which the schistosity in this area belong# (See Appendix) 
Briefly they arei Class I, The schistosity is parallel to slip planes* 
Class II, the schistosity is parallel to slip surfaces# The difference 
is evident In the accompanying diagram*

Class I Class II
tThe most important feature of the foliation in this area is its for

mation into ptygmatic folds* The importance of this lies in the fact that 
the formation of ptygmatic folds by pure folding unaccompanied by igneous 
intrusion has not been mentioned anywhere in the literature and seems to



2 9

bo either a unique occurrence, which is doubted, or indicative of pro
cesses of ptygmatic folding formation hitherto unnoticed. Because the 
v/riter considers this problem unusual and the solution original, it is 
discussed in detail in the following paragraphs *

The evidence which indicates the unusual nature of this type of 
ptygmatic folding includes the followingi First, ptygmatic folding occurs 
only in the general vicinity of the axial crtest* (Actual injection of 
pegmatitic material, which is not relative to this discussion, is not 
considered in this development. There are many examples of such intrusion 
and formation of ptygmatic folds on the Lookout Mountain road but they 
are not the type considered here.) With increasing distance from the axial 
crest - horizontal and vertical - ptygmatic folding decreases and finally 
all but ceases. Second, the trends of the ptygmatic fold, and there can 
be no doubt that they are ptygmatic folds, and the major fold axes are 
parallel and the two types of folds are probably coextensive. Third, rock 
of the same composition - andesine-quartz-biotite gneiss - grades from a 
rock severely ptygmatically folded into a lit-par-lit gneiss thence into 
an undifferentiated gneiss, the degree of mechanical differentiation into 
felsic and femic folia decreasing with increasing distance from the fold 
crest. Furthermore, up the slope on the north wall of Clear Creek Canyon, 
a slope that is essentially parallel to the dip of the axial plane of the 
fold, ptygmatic folding continues for a much greater distance horizontally 
than it does to the south where the steep slope of the southern wall of 
the canyon is normal to the dip of the axial plane. This is graphically 
illustrated in the accompanying sketch.
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On the south wall the ptygmatic folds give way to a lit-par-lit structure 
at a very slight distance and the lit-par-lit gneiss gives way to an undif
ferentiated gneiss even before the crest of the west ridge of Jit* Zion is 
reached, a short distance indeed. The f,oontactslf of migmatite and lit^par- 
lit gneiss, and the undifferentiated gneiss and the lit-par—lit gneiss, 
when topography is accounted for, are essentially parallel to the axis of 
the fold* And this peculiarity is not limited to this one small area but 
continues westward for at least ten miles. Furthermore, there seems to 
be no close relationship of the migmatite to any large Igneous intrusion 
which could have been the actual cause of the ptygmatic folding* This, 
then, is the evidence with which one has to work in formulating a theory 
which will adequately explain the presence of the ptygmatic folding.

The question which is posed by this occurrence of the migmatite is 
this: by what process could a belt of ptygmatically folded rocks (mig—
matite) at least ten miles long but only a thousand feet, more or less, 
thick be formed if not by infection of igneous material which certainly 
does not seem to be the cause of it here? The almost obvious answer,is 
that ptygmatic folding was formed by the same processes which formed the
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large syncline. However, the answer is not so simple as that. If the actual 
folding were the cause of the minor folding on its limbs, it might be thought 
that this minor folding could be classified as drag folding. This most 
certainly is not the case. The dissimilarities to it are obvious. Drag 
folding results from slippage of beds one over the other. The axial planes 
are essentially parallel to that of the major fold. The intensity of drag 
folding is not nearly so great as in ptygmatic folding. In the ptygmatic 
folds which occur in this area these conditions and observations are not per
tinent. The formation of drag folding in no way accounts for the gradual 
change from migmatite to lit-par-lit gneiss to undifferentiated gneiss, nor 
does it account even for the very complexly folded nature of the ptygmatic folds 

The writer suggests the followings The process by which the ptygmatic 
folding, lateral change from migmatite to undifferentiated gneiss, and great 
longitudinal extent of the migmatite were brought about may have been ac
complished by a process similar to that proposed by Sederholm (See Appendix). 
Regional metamorphism attendant upon deep burial and regional compression 
which may or may not have resulted in folding, imposed upon the rock high 
pressures and temperatures, not high enough of course to cause fusion but 
high enough to aid markedly in the reconstitution of the rock. As com
pression increased, folding resulted. Now, as is noticeable in folded 
metamorphlc regions, there is thickening of the beds near the axial crest 
of all isoclinal folds. This is a result of actual flowage of material 
toward the axial crest. (There is this difference between that type of 
flowage and the type considered to have been operative here, howeveri 
flowage in the former case was due to plastic flow, in this case due to 
actual fusion of the felsic materials. For this reason alone the folds 
in Clear Creek Canyon cannot be called drag folds* The processes of 
formation of drag folds and these ptygmatic folds
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are entirely different.) As flowage toward the axis occurs, beginning in 
the plastic state, admittedly, there is an increase of heat due to the 
fracturing of the crystals, their grinding one against the other, and the 
increase in pressure - compression - which is the direct cause of the large- 
scale folding. Because the rock was already at an elevated temperature, 
this increase apparently was sufficiently great to result in fusion of the 
ffclsic minerals, those because of their lower melting points. The temper
ature did not rise high enough to fuse the femic minerals probably because 
the latent heat of fusion of the felsics required all the additional heat 
or a great part of it -which remained after they had attained their own 
fusion point, if the amount of heat was even great enough in the first place 
to increase the temperature to the fusion point of the femics* With fusion 
of the felsic minerals, flowage toward the crest of the fold was a matter 
of fluid flow in which the biotite crystals were carried along. The biotite 
flakes are conformable to the felsic folia on their lintos but are cross
cutting at the actual crest of each of the ptygmatic folds. This might 
indicate that the biotite tended to flow in one general direction even 
while folding due to the crowding of the melt-crystal mixture was occurring. 
The ptygmatic folding was a direct result of the squeezing and crowding of 
the mixture and not the dragging of two beds past one another forming drag 
folds as occurs frequently.

There are two minor phenomena which are noticeable near the crest of 
the foldt first, the beds are planar and not nearly as greatly ptygmatically 
folded as the rocks farther from the crest; second, the rock on the crest 
is much more raelanocratic than those on either side. Possible reasons for 
this are theses for the first phenomenon it may be that because at this 
point, exactly on the crest of the fold and occurring within only a few
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feet of it, the major force acting was tensional, whereas immediately ad
jacent to the crest and parallel to it the major force wag compreasional 
due to flowage. The compression resulted in ptygmatic folding, the tension 
in planar foliation. The second phenomenon noted may be a result of the 
two things already mentioned: fusion of the felsic minerals and tension
on the crest. If the felsic minerals were fused, the squeezing action at 
the crest of the fold would extrude them into the surrounding rock where 
compression was the dominant factor. There are extremely folded dikes of 
felsic materials near the crest and more or less conformable with the 
foliation which indicate the segregation rather vividly.

Before the subject of ptygmatic folding is left there remains one more 
aspect of the problem to discuss. Previously mentioned parenthetically* 
the occurrence of ptygmatic folding elsewhere in the area is not uncommon. 
However, in almost all cases where it is observed, the felsic folia are 
pegmatitic In composition. They contain abundant microcline and orthoclase. 
The felsic folia in the migmatite do not have microcline or orthoclase as 
a primary mineral. In fact, microcline seldom occurs and when it does it 
forms only small percentages of the felsic folia. Where it does occur it 
can always be directly related to a nearby pegmatite.

Although ptygmatic folding is the most interesting aspect of foliation 
in this area, it is not the only one of importance. There yet remain the 
following problems t genesis of foliation away from the fold crest, defor
mation of foliation subsequent to folding and supplementarily, its use in
dicating subsequent deformation.

The problem of genesis will be treated briefly, not because the subject 
is being intentionally avoided but because a full discussion of the criteria 
and methods of formation are too much for this work. For the reader 's con
venience an Appendix at the end of this report contains the criteria employed
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in the determination of the type of foliation found in this area. For a 
complete discussion on its method of formation the reader is referred to 
Turner (19U8) and Harker (1939)#

The type of foliation present in this area, apart from that found 
near the crest of the fold and already discussed, belongs essentially to 
Class II of Turner1 s (191*8) classification* (See Appendix or Turner*) 
Throughout the area,lineations have been observed, which are universally 
parallel to the major fold axis* Among these lineations, to be discussed 
under that subject title, are: pencil, structure, indicative of Class IIj
boudinagej fold axes (ptygmatic folds)j mineral elongation (indicative of 
Class III) | and minor warps, not greatly dissimilar from folds, in foliation 
surfaces* The evidence points to a formation under the conditions con
sidered necessary for the formation of Class II type. However, there is 
roan for doubt and it may even be possible that different Classes may apply 
to different rock types. Class II is tentatively assumed to be that to 
which the foliation in this area belongs.

The second and third problems may be discussed together. They deal 
with the deformation of foliation and interpretations which may be gathered 
from that deformation. By way of explanation concrete examples will be 
taken from this area, not for purposes of illustration so much as for the 
sake of explaining the structure and the difficulties attendant upon dis
covering structures in the field*

The major type of* deformation to be expected after folding is faulting 
and this probably has caused more of the change in foliation attitudes in 
this area than minor warping or subsequent folding* The reasons for this 
statement are discussed elsewhere in this paper* Foliation has been severely 
disturbed in this area in several places: most obviously in the southeast
corner where the deformation has resulted in completely uninterpretable
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geologyj along the northern and southern edges in westerly trending belts 
•where the regionally southern dip has been reversed so that the rocks dip 
to the northj and in a westerly trending belt which cuts Clear Creek Canyon 
six hundred feet south of the south portal of the highway tunnel. In this 
latter belt, foliation exhibits the following sequence from south to north 
in regionally southerly dipping rocks:

dip south )
dip vertical ) all high angles 
dip north )
dip south )

The cause for this anomalous condition is not known but it is attributed 
to large-scale faulting. There seems to be no other reasonable explanation. 
Along the north and south borders the dip is northerly probably because of 
vertical offset on the two large faults which occur, one on each boundary.
The apparent movement on these faults would be north side down since 
southerly dipping rocks are deformed so as to dip to the north on the 
southern side of the fault, A number of other anomalous dips and strikes 
of foliation may be observed in the area and it is probable that the cause 
for each such deformation was faulting. As a corallary to this, of course, 
it Is clear that sudden, inexplicable changes in foliation may be a result 
of faulting. Of course this is not an ironclad rule but it certainly seems 
to apply for this area.

Lineation: It was stated that foliation was present in most of the rocks
in this area. The same statement may be made about lineation. Only in 
the massive hornblendite, pegmatites and northern aplite dike was there 
no lineation. In all other rocks, lineation of some sort was always to be 
found. Types mapped and their primary "habitat” are listed as follows: fold
axes, mainly ptygmatic folding but also warping of lit-par-lit injection folia, 
in the migmatite, and lit-par-lit gneiss of the andesine-quartz-biotite gneiss
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complex mainly; mineral elongation, in the hornblende-epidote gneisses of 
the northern portion of the map and in the two southern aplite dikes (al- 
though there is a possibility that this lineation may have been primary 
flow lineation); pencil structure or minor warpings of the rock surfaces, 
in the hornblende-epidote schists in the northern part of the area; and 
boudinage ihich was mapped mainly in the lit-par-lit gneiss. All these 
line at ions were considered to be b line at ions and parallel to the axis of 
the major fold.

There is, however, another and refreshingly different interpretation 
which can be applied to this lineation, an interpretation which, if proven, 
would definitely disprove all of the major contentions of this thesis. 
According to this interpretation of lineation, proposed by Anderson (19U8, 
pp. 99-132), that structure, instead of being normal to tectonic transport 
as has been contended by Gloos (19U6), Schmidt, Sander and Turner (Turner, 
19W) and almost all other authorities on metamorphic structures, is paral
lel with it forming an ja and not b lineation. It is important to note that 
Anderson *s examples are always connected to thrust sheets of fairly good 
proportions. Nowhere in his paper does he state that his theory is related 
to isoclinal folding of the type found, or believed found, in this area.
But in strong support of his view we must note the following obvious fact* 
the Golden thrust fault underlies this area and was thrust to the east I 
There does appear to be some kernel of possibility in this area of an a 
lineation. This, although not mentioned in the discussion on folding, is 
another circumstantial argument against the presence of strong isoclinal 
folding in this area. However, the preponderance of evidence favors a b 
lineation and not an a. The controversial nature of the structure is ap
parent and it would be interesting to see, if it were at all possible to
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determine it* "whether the lineation belonged to the b or a type.
Lineation throughout the area is fairly unifora in strike and plunge, 

except in the southeastern corner where everything is confused. Generally 
the strike varies little more than 20 degrees from east, the proportion of 
variations being greater for the southerly deviation than for northerly. 
Plunge varies from a few slight westerly plunges through minor horizontal 
lineation to a majority of easterly plunges some of which are as great as 
$0 degrees.

Notable extreme variations in lineation are found along the Lookout 
Mountain highway northeast of Windy Saddle. In a length along the highway 
of less than 1000 feet, lineation turns 180 degrees, not simply by a reversal
of plunge but by an actual "rotation” of the t|*end in a clockwise direction|
of the lineation next farther east along the r^ad. In fact, lineation is

1extremely variable in this southeastern cornerj There are even several oc
currences of vertical lineation there. Also, ibout 2000 feet east of the 
western boundary there is a northerly linear trend of steep easterly 
plunging lineation for which no cogent explanation can be given.

Faulting t Superimposed on the already complex structures previously men
tioned there is the complicated fault pattern produced during two distinct 
periods of disturbance. The reasons for stating that there were two dis
tinct periods of disturbance that caused faulting are fairly obvious.
There are two definite trends of faulting and just as definite character
istics for each trend, a northerly trending group with fairly large dis
placements and poor exposures and a westerly trending group with slight, 
if any, displacements but excellent exposures. Examples of the first are 
noted in the western portion of the area "where the hornblendite dike has 
been offset hundreds of feet in at least three places; and of the second 
there are many examples all along the Lookout Mountain road and Clear Creek
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highway* Of the latter group there seem to be two distinct typest first* 
highly brecciated and fairly thick fault zones with much limonite staining 
and large lateral extension, and second, gougy faults, fairly thin with 
parallel walls. The extent of the latter of these two seems much less than 
that of the former, nowhere being traceable for mare than half a mile. 
Excellent oxamples are found on the eastern flank of Mt • Zion with good 
outcrops on the highway. There are three faults which have been observed 
of the former type. These will be discussed in detail for two reasonsi 

first, their actual presence has been questioned by some observers and the 
writer wishes to show the evidence which he employed in delineating them; 
second, because of their great lateral extent - one of them has been traced 
for at least six miles - they may be important in a structural interpretation 
although this importance is not now obvious.

The first of these faults, the most northerly one, outcrops at the 
mouth of Indian Gulch. At this point the breccia zone is at least fifty 
feet thick and may be thicker* There is a great deal of limonitic stain- 
ing and fracturing in this zone, an important factor in the following dis
cussion. Chapman (19U8) mapped this fault for a distance of 1000 feet and 
terminated it at its northern end against another fault of westerly strike* 
Since he did not map the southern wall of Clear Creek Canyon,he did not 
show any southward continuation. There is an abundance of evidence which 
shows that this fault is much more extensive thaa he represented it to be.
The nature of this evidence is such as to provoke severe criticism by some 
observers and so it is hore considered indicative, not definitive* The 
fault, as a result, is represented by a dashed line indicating an inferred 
structure. The reasons for the inference are theses along the alleged 
strike of this fault, there is not one solid rock outcrop. Where the trace
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of the supposed fault cute across spurs in Clear Creek Canyon - possible 
remnants of the Orodell erosional surface - and in Indian Gulch, saddles 
develop, saddles in -which the soil is markedly limonitic and in which frag
ments of only small size in comparison to those found within yards on 
either side occur. At the eastern end there is a gully along one side of 
which float of a pegmatite occurs, and along the other side of which float 
of lit^oar-lit gneiss appears. Gullies form on slopes which are cut by 
the supposed fault, gullies irtiich are along the projected trace of that 
fault. Fracturing at the eastern end is not as intense as that at the 
mouth of Indian Gulch but it is much more severe than that in the immediate 
vicinity away from the fault. It does not appear to pass into the sediments 
to the east. At its extreme western end, as mapped in this area, there 
is an intensely limonitic stained breccia zone. An obvious linear trend 
is noticeable all along the strike when one stands on it and looks along 
it. The northerly dipping foliation along this fault zone may be an in
dication of movement thereon. If so, movement was apparently south side 
down.

The second fault dips to the south at an angle of about U5 degrees. 
Movement indicated by alickensides was south side down and to the east.
There are two excellent outcrops of the fault zone along the Lookout 
Mountain road on the east face of Mt. Zion, one on the lower part of the 
road, the other on the upper. In these two exposures the strike and dip 
and general appearance of the fault zone are the same. The upper one is 
obviously up dip from the lower. Between the two exposures there is .ob
vious topographic reflection of rock weaknesses: gullies form along the
trace, a saddle forms at the intersection of the fault and the ridge line 
of a minor spur cut by the fault, and there is absolutely no outcrop of 
rock, fresh, weathered or otherwise, along the extent of this fault trace.
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Again, this is based on circumstantial but highly indicative evidence.
This fault does not seem to cut the sediments to the east, either.

For the southernmost fault, along which the relative movement has 
not been observed, there is more room for doubt, yet almost as much evi
dence. In Windy Saddle, itself a product of differential erosion on the 
fault, there is an excellent exposure of the fault zone. Present there 
is a thick breccia zone with much liaonite in it. The fracture zone extends 
along the trace of this fault, down the gully on the west slope of the 
Saddle. To the east there is a linear trend along which there is no out
crop of rook. Whole hills are devoid of outcrops, and float on their slopes 
consists of fragments much smaller and more decomposed than those usually 
found produced from unfractured zones. This trend continues to and apparently 
stops at the Paleozoic contact. To the west the gully from Windy Saddle 
to Clear Creek, although not following the fault, has for a southern wall 
a slope on which no outcrop occurs and on which fracturing has been observed 
in logging-road cuts just south of the trace. This is essentially along the 
trace of the fault. At the extreme southwest corner of the map an outcrop 
of rook newly formed by blasting for the highway shows intense faulting 
essentially parallel to the trend of the zone under discussion. In fact, 
this same sane has been traced by using the same criteria, for a distance 
of at least three more miles to the west. Circumstantial evidence, yes, 
but the trends of all three of these faults are essentially parallel, the 
nature of the faults - gouge, order and magnitude of width, type of alter
ation, etc., is the same and the effects produced on the rocks are the 
same. There seems enough evidence to postulate faults along these three 
zones* Since these faults do not cut or displace the Pennsylvanian sedi
ments, they are believed to be pre-Pennsylvanian and most likely pre-Cambrian.
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They cannot be tear faults due to the Golden thrust if this relationship 
is true.

The evidence for the northerly trending faults, unlike that of the 
westerly trending ones, and, in fact, almost complementary to it, is en
tirely lithologic: there are produced by these faults large and obvious
offsets but nowhere has an exposure of one of them been found, although 
the opportunities for finding them along the steep walls of Clear Creek 
Canyon certainly seem great enough. Nowhere has there been any topographic 
reflection of a fracture zone or even a possibly silicified zone. There 
just does not seem to be any evidence for the fault other than that of ob
vious displacement. How many more there may be which show no displacement 
because of the relative homogeneity of the central mass of the andesine- 
quartz-biotite gneiss and how extensive these may be is not known. Certainly 
the many small outcrops of hornblende-plagioclase or hornblende-epidote 
schists all over the area provoke thought on the subject but there is evi
dence for no conclusions at all, whether they invoke faulting or not. There 
are some faults which have been seen which have a northerly trend but they 
are more like the small ones with a westerly trend. They contain gougy 
fill and their walls are parallel. The width of the fault averages one 
foot. Several of them may be seen along the Lookout Mountain road on the 
east face of Mt. Zion and a few have been observed in the southwest corner.

Because of the dissimilarity of the two fault types mentioned, it is 
concluded that they have resulted from two different periods of disturbance. 
The northerly trending faults are considered to be the earlier, the others 
later. This may not be so* No period of deformation can be decisively 
correlated with the movements but it seems as if the northerly trending 
faults were pre-Cambrian, the westerly trending ones pre-Pennsylvanian.
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Not represented on the map are many exposures of what appear to be 
thrust planes* The dip and strike of these faults are difficult to deter
mine because of the irregularity of the surface and the poor exposures*
They are especially noticeable in Clear Creek Canyon and along the Lookout 
Mountain road in the southern part of the area* There seem to be many of 
them but they could not be correlated and so their continuity is question
able. There does not seem to have been much movement on them|and if there 
was,there are no means by which it can be proven from the exposures in this 
area. They may be part of an imbricate structure closely related to the 
Golden thrust fault although they generally seem to dip southerly, not 
westerly^

As has been mentioned several times, the structure of the southSHstem 
section of the area is extremely complex. What part faulting has played 
in the history of the section is not known but it seems reasonable to sup
pose that faulting is the most probable cause of such drastic changes in 
the attitudes of foliation and lineation. Cross folding seems not to be 
the entire answer.

Dikesi Apparent from a cursory study of the map is a definite trend of 
dikes in this area. Three aplites, a hornblendite and a number of pegmatite 
dikes strike westerly, and a large number of dikes too small for representa
tion on the map continue with the same trend. A few pegmatites have a 
northerly trend but they are not very large. In the southeastern corner 
of the area four pegmatite dikes dip to the northeast and strike northwest* 
They seem limited in extent and die out gradually at bo-tii ends*

The most important dike system in this area is that of the three aplitea. 
The northern dike is about 7000 feet long, averages three feet in width, 
dips 30 degrees to the south and strikes slightly north of west. The central
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dike is about 3600 feet long, averages two feet in width, dip* about 70 
degrees north and strikes slightly north of west* The southern dike is 
about 1700 feet long, averages two feet in width, dips 70 degrees south 
and strikes slightly south of west. All three dikes are slightly oblique 
to the structure, the angle of discordance being least for the northern 
one and greatest for the southern. The northern and southern dikes end 
in pegmatites, the farmer at its western termination, the latter at it* 
eastern. The central dike has been cut by a small northerly trending 
pegmatite.

Not only here but to the north in the area mapped by Chapman (I9I48) 
there are similar dikes, to the west, personally observed, and to the South 
as far away as Morrison similar dikes have been seen. All have the same 
westerly trend, all dip steeply, all have similar compositions. Exactly 
what importance these dikes may have in the structural fabric or develop
ment of the region is not known#

According to Anderson (191*2, p. 21), "Dykes are, in the main, nearly 
vertical, and like faults, they occur in parallel or subparallel system*, 
which have usually a wide lateral distribution.... There is..# in general, 
no lateral and also no vertical dislocation.... Exceptions to this rule 
are met with, but probably only when a dyke has occupied a pre-existent 
fault.... There is a certain uniformity in the width of dykes of any parti
cular system.... but it is obvious that dykes are not transcurrent. There 
would in that case be double, and not single directions of alignment, and 
some evidence of horizontal movement would certainly be forthcoming# M

Since the dikes apparently do not cutythe Pennsylvanian sediment* to 
the east, they are believed to be pre-Pennsylvanian, probably pre-Cambrian. 
Hence, they are probably not related to any possible transcurrent faulting
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formed by Cenosoic movement on the Golden thrust.
Another interesting feature of these dikes is their relationship with 

pegmatites. Both the northern and southern pegmatites emanate from (or 
terminate in) pegmatites of parallel strike. The central dike is cut by 
a small northerly trending pegmatite (See Fig. 8), indicating that the 
easterly trending dikes are earlier than the northerly trending ones.

The hornblendite dike was probably a feeder from the western mass to 
the eastern. There is doubt concerning the connecting link, which is shown 
emanating from the western mass. It appears to be a dike but this inter
pretation is open to criticism. There is no doubt about the rest of it and 
because of structural and textural similarities, the questionable portion 
is believed to be a part of the dike.

Jointing? Jointing was mapped in the area but not with the care or continuity 
as were the other structures. There are excellent reasons why it should have 
been more extensively mapped but the preponderance of joints in the area, 
the utter abandon with which they have cut the rock and the slight infor
mation which one can garner from them make mapping them a seemingly useless 
chore. However, where there are large-scale trends which cover acres of 
ground, rather than square yards, they have been shown. Some of these trends 
are correlated with the ac jointing of folded metamorphic rocks, notable 
examples occurring along the western boundary of the map and, in fact, over 
much of the extent of Clear Creek Canyon. In the southern wall of the canyon 
there are many joints of westerly trend which form the steep and high cliff 
walls that are so prominent there. However, the relationship of these and 
almost all of the other joints in the area to structures is not known. Their 
importance, at the present time at least, is not obvious and they will not 
be further discussed.



GEOLOGIC HISTORY

Regionali
Summary of Pre-Caufc riant

"The most remote event which we can infer is the formation of a 
granitic mass and its subsequent uplift and erosion. This ancient granitic 
highland was in part the source of the thick series of shales and sandstones 
that originally made up the greater part of the Idaho Springs formation.
The thickness and the wide areal extent of the shaly sediments suggests 
that they were marine. Into this series of shales and sandstones great 
masses of diorite were intruded parallel to the bedding, and it is possible 
that some of the dioritic magma reached the surface in the form of andesitic 
flows while the sediments were accumulating, and became interbedded with 
them.

"Uplift, accompanied by strong folding, followed the deposition of 
the sediments, and ushered in a period of intense intrusive activity which 
culminated in the f oraation of the Pikes Peak batholith and its related 
granite masses. Into the crumpling mass of sediments many bodies of diorite, 
monaonlte, and granite were Injected. Under the conditions which prevailed, 
characteristic of the zone of flowage, the heat and emanations from these 
intrusives converted the sediments into schists and gneisses. Continued 
diastrophism accompanied the invasion of much larger masses of granitic 
magma, and many of the earlier intrusives were converted into gneisses 
during its slow solidification. The granite masses which were formed at 
this time are the largest found in the Front Range and the intrusive activity
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as well as the metamorphic processes came markedly after their formation.
"At some time later, after the Pikes Peak granite had solidified, 

another series of granite invasions occurred. These are the latest pre— 
Cacbrian rocks known and include the Cripple Creek granite, the Silver 
Plume granite, the granite of Coal Creek, the Mount Olympus granite, and 
their associated pegmatites. The fact that they were intruded in the zone 
of fracture instead of the zone of flow&ge, and after the Pikes Peak granite 
had solidified, implies a considerable lapse of tine, but they still may 
be regarded as representing the last major stage of the batholithic cycle*

MThe formation of these later granites was probably accompanied by 
uplift and was certainly followed by a long period of erosion which pro
bably left the Front Range as a highland bordered by nearly level lowlands 
to the east and west in the later part of the Algonkian* This Front Range 
highland probably persisted through the remainder of pre-Cambrian time 
and possibly through Paleozoic time as well.

’•Although it has been a common practice to correlate the various pre— 
Canbrian formations of all North America with those of the Lake Superior 
region, such a correlation of widely separated regions is obviously un
satisfactory unless the ages of granitic and metamorphic rocke can be 
determined by analyses giving the lead-uranium ratio. In the absence of 
exact age determinations, the only available means of correlation is a 
comparison of the histories of the two regions, an obviously Inexact method* 
The major events of the pre-Cambrian history of the Front Range are similar 
in sequence to the batholithic invasions of the Laurentian and Algoman 
revolutions of the Lake Superior region, which were separated by a long 
interval during which Lower and Middle Huronian sediments and basic lavas 
were formed. The Idaho Springs formation could thus be tentatively correlated
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with the Lower and Middle Huronian, the Pikes Peak granite assigned to 
the early Algoman, and the Silver Plume and associated granites to the 
late Algoman. All these formations -would thus be included in Algonkian 
as defined by the U. S* Geological Survey." (Lovering, 1929# PP* 73-W 

"Since pre-Cambrian time the Front Range region has been a positive 
topographic area, supplying sediments to the surrounding region through
out much of the Paleozoic, Mesozoic and Cenozoic eras*" (Lovering, 1929#
p. 106)

Local history: The history of this area will be discussed briefly* The
following table summarizes the decipherable events which have affected 
the areas

1. Deposition and some metamorphism of the Idaho Springs Formation* 
2* Contemporary folding and intrusion of basic igneous rocks*
3. Northward trending faulting*
In Westward trending dikes intruded, including aplites and larger 

pegmatites*

£
4 5. Northward trending pegmatites intruded.

6. Westward trending faulting*
7* Thrust faulting.
The reasons for statement 1 are obvious* Number 2 is based upon the 

following facts t The hornblendite dike which intruded the migmatite and 
lit-par-lit gneiss and which seems contemporaneous with the meta-diorite 
mass has not been deformed by folding* Folding caused the ptygmatic fold
ing which occurred at a time after pieces of the meta-diorite had been 
included by it. It therefore seems that folding and intrusion were con
temporaneous* Statements 3 to 7 are based upon field relationships of 
dikes and faults* northward trending faults cut the hornblendite dike but
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not the aplites, the aplites and westward trending pegmatite are cut by 
northward trending pegmatites3 the northward trending pegmatites are cut 
by westward trending faults; the westward trending faults apparently do 
not cut the sediments and are believed pre-Cambrian; the thrust faulting, 
perhaps related to the Golden thrust, may be Cenozoic*

Much of the field evidence for these statements is interpretive* It 
may be that all the northerly trending pegmatites are not of the same age 
and the same for the fault systems, etc. The history is based upon as
sumptions as well as field evidence*



ECONOMIC GEOLOGY

Geologically, there seems to be nothing of economic value in this
area. Minor amounts of copper sulphides were observed in the western
mass of hornblendite. Some faults show extreme limonitic stain,
especially the one which follows Indian Gulch and outcrops at its mouth,
but there ie no sulphide mineralization in them. Enough sillimanite and
garnet (alaandine) occur in the southeast corner of the area to see with

%
the naked eye but any exoitement over this occurrence would be strictly 
mineralogically induced, not economically. Magnetite formed in the 
pegmatites in the western portion of the area but this occurrence, too, 
is unworthy of economic considerations. Gold may be present in the stream 
but it is rumored that the value of the gold obtained by panning would 
not pay for the food consumed during the period of extraction. All in 
all, this area seems barren of any economic mineral deposits although 
thirty or so prospect pits scattered about attest to the hopeful anticipa
tion of previous generations.



SUMMARY AND CONCLUSIONS

The area mapped exhibits three well-developed erosional surfaces of 
regional extent, the Flagstaff Hill berm, the Mt* Morrison berm, and the 
Orodell berm*

The principal lithologic unit in this area is the andeeine-quart*— 
biotite gneiss complex itfiich has been si±>divided into three structurally 
different sub-̂ units: the migmatite, lit-par-lit gneiss and the undiffer
entiated gneiss* The ptygoatic folding in the migmatite is a result not 
of igneous activity but of physical reconstitution which resulted from 
the strains occurring during severe isoclinal folding. Various hornblende- 
and biotite schists are included in this larger gneiss,and nunfcerlessjipegmatites of different ages have intruded it*

A westerly trending, northward overturned Isoclinal syncline is the 
principal structure in the area. Northward trending faults and dikes and 
westward trending faults and dikes have cut and intruded the folded rocks*
The result is a complexly folded and faulted series of metamorphic rooks 
of several types*

The following major conclusions have been deduced: first, ptygmatic
folding is a result of the two processes of partial fusion or differentiation 
of the gneiss, and *&rag folding”along the crest of the syncline; second, 
inclusions of the hornblendite in the gneiss complex are due to the same 
process or one similar to it by which the gneiss flowed partially; thlfd, 
all of the high angle faulting and dike formation has been pre-Pennsylvanian 
and possibly pre-Cambrian; fourth, the overturned syncline is regional and
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not simply a local structure limited to this area onlyj and fifth* in the 
northern portion of this area there occurs a marked transition from the 
higher grade metamorphic facies which extend for a great distance eouth 
of here to the lower grade schists which occur north of this area.
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APPENDIX I

Schistosity: The common tendency towards parallelism of the mineral com
ponents of a rock.
There are several types of schistosity*

(1) In crystalline schists there is a strong tendency for crystals 
of pronounced prismatic or tabular habit to develop a preferred 
orientation with their greatest dimensions in sub-parallel 
position. This is partly the result of rotation and deformation 
of crystals* and partly due to growth of new crystals with ap
propriate orientation. Schistosity arising from the latter pro
cess is termed crystallization schistosity.

(2) Shear schistosity is a name applied to the type of schistosity 
which develops in affine slip of rocks, a notable example being 
the typical Alpine decken over thrusting.

(3) Schistosity formed by flattening can result from affine defor— 
mation by simultaneous symmetrical slip upon two intersecting 
3-planes.

A modern genetic classification of schistosity: (Turner, 19U8, pp. 276-280)
Class I. The schistosity S is parallel to a set of slip planes in 

the fabric.
a. Mono clinic symmetry of fabric, with ae as plane of symmetry, 

perpendicular to the schistosity.
b. Schistosity surfaces defined by recognizable planes of dif

ferential movement, or by parallel orientation of crystals



52

whether with crystallographic glide planes parallel to S 
or with their longest dimensions in S. Preferred orienta
tion of mica with (001) parallel to S may thus be attributed 
alternatively to gliding upon (001) or to growth with (001) 
in the plane of minimum resistance (S), but not to passive 
orienting of (001) parallel to AB of the strain ellipsoid 
since the latter is not a possible plane of slip. Any pre
ferred orientation of equigranular minerals like quarts, 
feldspar or calcite is an orientation of the space-lattioe 
determined by slip in S. 

c. Alternation of layers (parallel to the schistosity) re
spectively rich in quartz and feldspar, and in minerals 
such as mica, chlorite, epidote, or hornblende which tend 
to occur in prismatic or tabular idioblastic cryst&Si* 

d* Minor (hOl) surfaces of slip, intersecting am S in a line 
(lineation) coinciding with b of the fabric and normal to 
the plane of symmetry. The axis (B) of any curvature or 
microfolding that may have affected S coincides with b.

e. Complete or imcomplete girdles in the ac plane of the fabric 
diagrams, in B-tectonites of this class.

f. Alinement of prismatic and platy crystals with their long 
axes parallel to b, or much less commonly (in S-tectonites 
of the slickeriside type) parallel to a.

g. Tension cracks subparallel to the ac plane of the fabric 
(almost universal). Schistosity of this first class is 
prevalent in, and characteristic of regions where recumbent 
folding and over thrusting have been accompanied by meta- 
morphic deformation resulting from extensive penetrative
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movement on gentler inclined closely spaced surfaces of 
slip which now survive as schistosity surfaces*

Class II. Schistosity is parallel to slip surfaces
a* The lineation tends to be more conspicuous than the schiato- 

sity in hand specimens, and may be the only element in the 
megascopic fabric, apart from joints, that can be measured 
readily in the field. Segregation of pencils of quartz 
and feldspar often emphasizes the lineation.

b. Connected with (a) is a mare obvious monoclinic symmetry 
of the megascopic fabric that can usually be observed in 
schistosity of the previous class.

c. Strongly developed girdle patterns are characteristic of 
the corresponding diagrams. The girdle axis is b (=*B), 
and the rocks are all B-tectonites. In other respects 
the schistosity resembles that of Class I and no sharp 
line of division can be drawn between the two classes, 
both of which tend to develop in the same general type 
of tectonic environment.

Class III. The schistosity is parallel to AB of the strain ellipsoid 
and approximately perpendicular to the direction of com
pression. *

a . A single megasaopically conspicuous plane of schistosity,
S (*̂ ab) within which b may or may not be marked by an 
obvious lineation. 

b* Strong preferred orientation of mica according to external 
crystal form, with (001) subparallel to S. This is a 

tectonite fabric attributed by Sander to a passive orienting 
of tabular crystals of mica during plastic flow of the
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enclosing matrix (quartz, calcite, feldspar)# The mica 
orientation cannot be due to mimetic crystallization# Nor 
can it be explained by a mechanism involving gliding on 
(001), unless petrofabric analysis identifies S as a "com
promise surface" determined by the mean trend of (001) in 
mica crystals -whose individual orientations vary through 
a definite range on either side of S. 

e. Approximately parallel orientation (by grain form) of flat
tened grains of quart*, calcite or feldspar with their 
longest dimensions in or close to S# Fabric analysis shows 
that this is accompanied by preferred orientation of the 
space-lattice governed by statistical (hOl) surfaces of 
slip, paired symmetrically about S* 

d* Orthorhombic symmetry is typical though not universal*
Triclinic symmetry, resulting from crossed strain or from 
superposition of strains, i3 commonly shown in the quarts 
fabric.

e. Lineation parallel to be (̂ J) is due mainly to dimensional 
parallelism of prismatic and tabular crystals#

f. The fabrics in some cases belong to the S-tectonite classj 
but characters suggesting a transitional relationship to 
the B—tectonites are usually recognizable, and some fabrics 
are definitely to be classed as B-tectonites proper.

g. Conspicuous joints nearly parallel to ac| (hOl) and (Okl) 
joints may also be present*

Class IV. A schistosity S^, parallel to AB of the strain ellipsoid, 
is formed by slip upon a single set of s--planes, which 
necessarily are inclined to AB#"



Since schistosity is planar it can be measured in the field just like 
bedding and so mapped# It must not, however, be confused with bedding, 
although in many cases bedding and schistosity are parallel# This need 
not be, however# In many occurrences schistosity transects folds, varying 
lithologies and minor structures without change* Schistosity can vary 
from the almost completely fissile appearance seen in many thin slates to 
the almost massive and unrecognizable schistosity found in some granulites# 
It can vary from complete schistosity into complete lineation, which in 
itself is a form of schistosity, although of different origin and form* 
(Harker makes the distinction between schistosity and foliation* Schisto
sity is the parallel arrangement of the platy minerals notedj foliation, 
the segregation into bands of the femic and felsic minerals parallel to 
the schistosity. Modern usage no longer favors the distinction and the 
two terms are employed interchangeably.)
Lineationi includes all linear structures with regard to origin* It may 
be due to* primary or secondary flowag#j rotation around axes, intersection 
of planar structuresj slippage and mineral growth#

Lineations are mostly normal to, or in the direction of, rock movement 
and only rarely oblique* This rather simple and rigid relationship renders 
observation on lineation an indispensable tool in the determination of 
movement directions*

Lineations should be as carefully and accurately observed and described 
as refractive indices of minerals or shape and size of fossils. Their 
orientations should appear on all geological maps together with other 
structural symbols*

Lineation is a descriptive and nongenetic term for any linear structure 
within or on a rock# It includes striae on slickensides, fold axes, flow
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lines, stretching, elongate pebbles or ooids, wrinkles, streaks, inter
section of planes, linear parallelism or minerals, or components, or any 
other kind of linear structure of megascopic, microscopic, or regional 
dimensions*

Lineations are more useful in the tectonic picture because they re
cord the direction of movement, one of two possibilities, whereas schisto
sity records a possible movement in an infinite number of directions.
Kinds of lineations

Lineation due to primary flowage; a result of the orientation of 
elongate or platy minerals, inclusions, groups of minerals or 
inclusions, or any other particle, in a viscous flowing medium.

Lineation due to secondary flowagej either external or internal forms 
will be aligned due to secondary flowage. However, unlike pri
mary flowage, secondary flowage will also align equant crystals 
such as quartz although such lineation is observable only under 
the microscope and even then only after a statistical study has 
been made, orientation may be brought about by recrystallization 
and mimetic crystallization. Elongate pebbles may result from 
secondary flowage. Boudinage is another, rarely observed, but 
rather common structure that results from secondary flowage. 
Stretching either parallel or perpendicular to the direction of 
transport may also result.

Lineation due to rotation? The most obvious such lineation is a fold 
in the rocks. The Appalachian mountains are the classical 
example of large scale lineation by rotation. Intense folding 
may even go so far as to cause actual rolling of rocks into 
pseudo conglomerates such as in the Alps. Minor corrugations 
in major ftiM# result from rotation, and even minerals may be



?7

rotated in the rocks under pressure to form linear elements* 
Lineation due to intersections of planes: Lineations due to inter-*

section of planes are fairly common, but not all such lineations 
are significant* Schistosity and bedding intersect the direction 
of fold axes; fracture cleavage can likewise intersect with bed
ding in the same direction if the two acts of deformation are 
the same*

Slickensiding2 Movement on beds in folding may be manifest by slicken
siding. Slickensiding on faults associated with granite intrusives 
assumes importance if it can be correlated with the continuation 
of the pre-crystallization movements* Ordinarily, slickensidea 
on faults are of no importance in the development of the move
ment picture. However, in thrust faulting that leads into fold** 
ing the slickensiding may assume much importance in the ultimate 
analysis of the structure.

Lineation due to growth of minerals: Mimetic crystallisation are
common both planarly and linearly (micas and hornblendes) .

Mapping of lineation; usages: significance:
Lineation should be mapped, noting the direction, plunge, and type.
In structural problems it is often the key to the entire problem.
Where isoclinal folding may have made the unravelling of folding 
almost impossible lineation is the sole answer remaining to the 
geologist. Since lineation may almost always be assumed contem
poraneous with folding any deformation of it may be assumed to be 
post folding and, therefore, of importance in dating events geo
logically. (Adapted from Cloos, 191*6, pp. 1-21)

Ptygmatic folding: The term was coined by Sederholm in 1907 to describe
the complexly folded condition commonly assumed by veins of pegmatites
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and aplites in veined migmatites*
Some characteristics of ptygmatic folding are the following:

1. The extreme contortion of the folded layers#
2. A general lack of correspondence between the form of the folded 

vein and the megascopic fabric of the host rock#
3# Absence of correlation between forms assumed by different layers 

in a single specimen#
U# A general lack of competence: there is typically little, if any,

relation between size of folds and thickness of layers#
5# A general lack of uniformity of trend of associated fold axes, 

even within the field of a single large specimen.
Obviously, although not at all realised by many geologists, ptygmatic 

folding cannot be utilized, according to Pumpelly’s rule, to find the 
axial angle, plunge or sometimes even direction of the axis of major folds# 
It is true, that in certain cases ptygmatic folding can be so utilised but 
it must be proven in each case before it can be so utilized, generally 
within any given small area#
Genesist

There are four main theories concerning the formation of ptygmatic 
folding but a8 yet no one is willing to accept any of them over any 
other#
1# Sederholm, Holmquist, Erdmannsdorffer and others believed that 

the veins originate as planar layers of magma (injected or segre
gated as the case may be) in a host rock, which, rendered mobile 
by partial anatexis deforms irregularly by fluxional movements 
and so imposes a highly contorted form upon the enclosed, still 
fluid magma veins#

2# Milch, Sander and Kuenen, on the other hand, believe that ptygmatic



folding is accomplished by plastic deformation of the veined rock 
in the solid state, after crystallisation of the vein filling, 
and that subsequent annealing recrystallization has obliterated 
all traces of deformation from the microfabric. Lack of corres
pondence between the folded form of the veins and the generally 
less contorted fabric of the enclosing matrix is put down, as in 
typical Alpine schists, to difference in the mechanical properties 
of the two contrasted types of crystalline aggregates.
Read has shown that, in the injection complex of Sutherland, 
structures exactly comparable with ptygmatic folds of Finnish 
migmatites have developed directly by injection of magma along 
tortuous fissures that have opened up in the invaded rocks under 
the disruptive force of migmatic injection. A necessary condition 
is strong resistance of the host rock to plane fissuring and this 
can be correlated with a general absence of schistosity in rocks 
that in many cases have assumed a homfelsic structure under the 
influence of high temperatures attendant upon nearby intrusion 
of magmas.
Buddington records from the Adirondacks instances of crenulate 
and sinuous pegmatite veins in quartz diorite, which he believes 
to have originated in the manner postulated by Read. However, 
he attributes the ptygmatic folding shown by the arteric migmatites 
in the Granville series, to injection of magma into folded schistose 
rocks during active deformation. Plastic flowage of country rock 
and both plastic and magmatic flowage of pegmatite are involved. 
(Turner, 19U8, pp. 315-316)
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PHOTOGRAPHS



Migmatite "sub-facies” of andesine-quartz-biotite gneiss complex*
Note the ptygmatic folding. Light folia composed essentially of quart* 
and andesine, dark folia of biotite, quarts and andesine. On Clear 
Creek highway 2500 feet southwest of southern portal of highway 
tunnel ♦

(Photographs by C. Tyler)
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B
Fig* X



Lit-par-lit gneiss taken on slope north of highway. Note boudinage 
in the falsie band beneath hammer. Lineation plunging slightly away 
from observe**. Foliation dipping about 80 degrees to the south.

B
Lit-par-lit gneiss 900 feet southwest of outcrop of fold crest on 
Clear Creek highway* Note the incipient differentiation* bedding 
fault and minor drag fold (next to the hammer) caused by downward 
movement of bed on the left. Foliation dipping to the south. 
Lineation horizontal* and normal to the plane of the photograph.

(Photographs by C. Tyler)
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3
Fig* 2



Undifferentiated gneiss on Lookout Mountain highway near southern 
boundary of area* Hote lineation plunging steeply to the right* 
Injection folia contain abundant microcline and are obviously as
sociated with a nearby pegmatite*

(Fhotograph by C. Tyler)
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Fig. 3



Inclusions of horriblendite in andesine-^iuartss-^iotite gneiss complex* 
Note foliation curved around the upper part of inclusion and fractures 
in inclusion filled with felsic material* Large inclusion is about 
12 feet high. On Clear Creek Highway near mouth of Windy Saddle Gulch 
near southern boundary of area*

B
Inclusions of hornblendite in lit-par-lit ” sub-facies” of andesine— 
quartz-bio t it e gneiss. Mote the fragments which probably were one 
piece before they were sundered. Foliation dipping to the south, 
lineation plunging gently away from the observer. On Clear Creek 
Highway 1200 feet north of extreme southwest corner of area on 
western boundary*

(Photographs by C. Tyler)
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B
Fig* U



»«« ?
Dike of andesine-quarta-fciotite gneiss in hornblendite. On Clear 
Creek highway about 900 feet north of extreme southwest corner on 
the western boundary of the area*

(Photograph by C. Tyler)
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Fig. 6
Occurrence of porphyroblastic magnetite in leucocratic "ellipsoids* 
in hornblende schist. Note orientation of magnetite crystals normal 
to long axis (plane of foliation) of the leucocratic portion. North 
of Clear Creek highway 1200 feet south of southern portal of high
way tunnel.

(Photograph by ft. Hughes, Jr.)
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Fig# 7
Fold axis in andesine-quartz-toiotite gneiss complex# Fold axis is 
normal to plane of picture and plunging slightly toward the observer. 
View is toward the west# Axial plane dips at about twenty degrees 
to the left (south). Note planar structure on the crest# Also note 
the melanocratic appearance of the gneiss# Leucocratic folia are 
noticeably distorted. On Clear Creek highway 600 feet south of horn- 
blendite dike in central portion of area.

(Photograph by C. Tyler)
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W g «  8
Northward trending microcline pegmatite cutting central aplite dike. 
Note lineation in aplite dike.

(Photograph by R. Hughes* Jr.)





Typical example of topographic reflection of westerly trending fault 
on northern boundary of area. View taken east from Indian Gulch across 
Clear Creek. Observer is slightly south (to the right) of the trace 
of the fault. The gully* saddle and lack of outcrop on the far slope 
are obvious.

B
Trace of central fault* dipping hS degrees to the south (left) and 
trending west. Saddle on ridge in middle ground and gully on the 
slope in the background are on the trace of the fault.

C
Gouge of fault* mentioned in B above* in road cut on Lookout Mountain 
road. B and C were taken from the same place. View in C is toward 
the south. Fault plane is dipping about k$ degrees away from observer.

D
Examples of differential erosion of basic rocks and faults on ridge 
on western boundary of area. View is toward the east.

(Photoglyph D by C. Tyler)
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Fig. 9



Lit-f>ar-lit gneiss south of fold crest, high up on the south wall of 
Clear Creek Canyon. Foliation dips gently to the south* Note 
boudinage in pegmatite dike* Differentiation folia are very thin and 
have a composition different from that of the pegmatite*

B
Lit«*par~lit gneiss showing differentiation in femic and felsic folia* 
Note incipient folding*

C and D
Inclusions of hornblendite in andesine-quartz-biotite gneiss* On 
Clear Creek highway on southern boundary of area*
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Fig. 10



Fig, 11 
A and B

Horhblendite. Over ninety per cent hornblende with anorthite. Note 
sharp contact of the horriblendit© with country rock in B. Taken in 
eastern homblendite mas3 east of Clear Creeki about 1300 feet south 
of the southern portal of the highway tunnel.

C
Hornblende schist. (Half dollar in upper right hand corner) Lineation 
plunging gently to the right (east) • Dark bands essentially horn
blende, light bands are plagioclase, epidote, oalcite and quarts.
Taken 500 feet north of north portal of highway tunnel on west side 
of highway.

D
Two wneedles" high up on the slope of the north wall of Clear Creek 
Canyon formed by weathering and erosion along joint surfaces*
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